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This r epor t  is  a by-product of my Syracuse/NASA Program p ro jec t  

"Expos it i on  and Rea 1-T ime  Dec is ion- Making" , 

While making s ta t i s t ica l  studies of expository s t y l e  I found a need t o  

supplement t h e  genera l ly  exce l len t  set  of func t ions in  STATPAK 2 by K.W. Smil l ie  

(Department of Computing Science, University of Alberta,  Edmonton, Alberta). 

Generally, STATPAK 2 makes sophisticated use of APL's a r ray  o r i en ta t ion .  

Unfortunately, t he  32K-bit l imi ta t ion  on work spaces a v a i l a b l e  i n  Syracuse 

Univers i ty ' s  implementation of APL o f t en  makes it impossible t o  use one of these  

functions with an  output vector of l e n g t h g ,  where 

if during t h e  execution of t h e  function on&sbJ matrix is produced, as t h i s  

leads t o  a WS mnr, er ro r .  There is a l s o  a need f o r  more functions t o  tes t  

goodness of f i t ,  t o  perform non-parametric tests, and t o  output frequency 

t ab le s .  

meet these  needs. 

is g r e a t e r  than say, 40, 

I hope t h a t  t he  functions described i n  t h e  following pages will help  

The descr ip t ions  are arranged alphabetically.  They a r e  set out  i n  the 

standard form fo r  Syracuse University APL documentation. All functions are 

given a g confidence r a t i n g  although, with t h e  exception of ENORMFIT, they 

have a l l  been t e s t e d  f a i r l y  extensively. 

m e  t h e i r  comments and modifications, After t he  documentation fo r  each function, 

it is displayed and examples are given of i ts  use, 

No execution times a r e  given because the  TIME func t ion  works e r r a t i c a l l y  

The ,C r a t i n g  i n v i t e s  users  t o  send 

with t h e  Syracuse University Operating System. However, t h e  documentation 

includes a warning i f  a function i s  i t e r a t i v e  and therefore  tends t o  consume 

a ioic of C F i  t i m e .  



The group of functions TABLE, LIT, NUM, and TAB placed sepa ra t e ly  a t  t he  

end of t h i s  r epor t  may be of i n t e r e s t  t o  educators as t h e  f i r s t  t h ree  functions 

named are f u l l y  conversational. 

A l l  functions can be used independently, though many serve  as subfunctions. 

I n  the graph below an  arrow connects each subfunction t o  t h e  function by 

which it is called. 

R e  la t ionships of functions 

LIT "M TAB 

TABLE CUM DIST MODE MVNT 



CHIHOK 
1 X C H I  O B  

OS/ 04/70 
CONFIDENCE CODE: C 
I - O R I G I N  I N D E X I N G  
DR.G.H.MCLAUGHLIN 
NEWHOUSE COI'fiIUNICATIONS C E N T E R ,  S Y R .  lJJ7IS. X2747 

C H I  CALCULATES AND D I S P L A Y S  C H I - S Q U A R E ,  
OF FREEDOM, AND I T S  P B O B A B I L I T Y .  THE L A S T  PIGUli'E I S  
GENERALLY ACCURATE T O  A T  LEAST THREE DECIMAL P L A C E S .  

I T S  DEGREES 

I F  R E Q U I R E D ,  C H I  D I S P L A Y S  EXPECTED VALUES CALCULATED 
FROM OBSERVED VALUES OE A S I N G L E  S A i f P L E  Of? A B Y  S I Z E D  
CONTINGENCY T A B L E .  C H I  AUTOI'IATICALLY CONFLATES 
C L A S S E S ,  I F  N E C E S S A R Y ,  TO E L I M I N A T E  EXPECTED V A L U E S  
OF L E S S  THAN 1 , AND T O  REDUCE TO 2 0  P E R  CENT OR L E S S  
THE PROPORTION OF EXPECTED VALUES L E S S  THAN 5 . 
Y A T E S '  CORRECTION FOR CONTINUITY  I S  AUTOIPATICALLY 
A P P L I E D  WHEN THERE I S  A S I N G L E  DEGREE OF FREEDO?!. 

LEFT ARGUMENT - X: 
MUST BE AN ARRAY O F  EXPECTED V A L U E S ,  
Qa 0 I F  EXPECTED VALUES ARE TO BE CALCULATED BY THE 
FUNCTION I T S E L F .  

R I G H T  ARGUklENT - O B :  

14UST BE A P4ATRIX OR VECTOR OF OBSERVED V A L U E S .  

GLOBAL V A R I A B L E S  R E Q U I R E D :  

GLOBAL 
-------- V A R I A B L E  DESCRLPZLQN 

E S T I M A T E S  DETERI'IIJJES THE DECREES OP 
FREEDOF! OF C H I .  

A F T E R  COPYING C H I  I N T O  A PORKSPACE FOR I'HE F I R S T  T I V E ,  S E T  
ESTIIIIATES+O ,O 
T H I S  ENSURES THAT THE P R O B A B I L I T Y  OF A CALCULATED C H I -  
SQUARE K I L L  BE DETERIIINED FOR ( R - l ) x ( K - I )  DEGREES O F  
PREEDOil.  



C H I  H 0 M 2 2 

I F  1 PARAiiETERS HAVE BEEN E S T I M A T E D  FR0I.I OBSERVED 
V A L U E S  I N  ORDER T O  PROVIDE A L E F T  ARGUMENT O F  EXPECTED 
V A L U E S ,  THE DEGREES O F  FREEDOM iWST BE REDUCED BY rJ . 
TO DO SO, S E T  
E S T I M A T E  S+3rj- 2 
A F T E R  EXECUTION E S T I i d A T E S  V I L L  AUTONATICALLY BE ZEROED. 
HOWEVER, I F  C H I  IS TO BE USED 8 T I I ' f E S  V I T H  E S T I M A T E S  
EQUAL T O  rJ , THE CHORE OF REPEATED R E S E T T I N G S  CAN BE 
AVOIDED BY S E T T I N G  
E S T I N A T E S + (  2 +g 1 p g- 1 

EXECUTIONS OF C H I  OR U N T I L  
E S T I H A T E S + Q ,  0 
I S  ENTERED. 

THE VALUE V I L L  N O T  BECOldE ZERO U N T I L  A F T E R  R, 

SUBFUNCTIONS REQUIRED : 

C H I S Q  

NORMAL 

COMPUTES THE P R O B A B I L I T Y  O F  GIVEN 
CHI-SQUARED AND D.F.  V A L V E S  

CALLED BY C H I S Q  TO CALCULATE THE 
P R O B A B I L I T Y  OF A iVORllAL D E V I A T E ,  
USING A S IXTH-ORDER POLYNOMIAL 
A PP R 0 XI MA T I  0 !l . 

FUNCTION OUTPUT: 

THERE IS N O  R E S U L T A N T .  
I F  OB I S  A VECTOR AND X I S  0 THE FOLLOWING 
PRINTOUT A P P B A 2 S :  
EACH EXPECTED V A L V E  I S  ( V A L V E )  
I F  O B  I S  A I IATRIX  AND X IS 0 THE FOLLOWING 
PRINTOUT A P P E A R S :  
OBSERVED V A L V E S  
( T A B L E  1 
EXPECTED VALUES 
( T A B L E  ) 
IN A L L  C A S E S ,  THE FOLLOWING I S  P R I N T E D  OUT:  
CHI-SQUARE D (CALCULATED VALUE 1 
DEGREES O F  FREEDOM ( V A L U E  - I N D I C A T I N G  THE DEGREE 

O F  CLASS  COfJFLATION,  IF ANY 1 
PR 0 B A  B I L  I T  Y ( V A L U E  1 



3 oCHZCLllv 
v x C H I  0 B ; D ; T ; q ; i :  

C 1 3  E S T I M A T E S C l  2 l +  0 0 
I: 2 1  

C 3 1  E Q :  ' E A C I i  EXPECTED VALUE IS ' ;X+( +/03)+X/D 
C 4 1 
C 5 ]  + C H , , X + ( l , D ) p X  
C 6 ]  M A :  ' O B S E R V E D  V A L U E S ' ; O B  
[ 7 1  EXPECTED V A L U E S '  ;X+( t + / T )  x (  +/OB ) o .  xT++SOB 
C 8 1  AH:+( ( + / x f K ) 2 + / x / X + X 2 5  ) l C l €  
C 9 l  OB+QOB 
C l O l  X 4 Q X  
C 11 3 CH : T+K+Qx D+( p X ) C 2 1 
C 1 2 1  + ( v / v / X < 1 ) + 1 + 1 2 6  
C 1 3  1 L A :  +( ( + / + / 5 < X  ) 2 L  ( p , X )  + 5 / C C  
C 1 4 1  J+( ( v f X < T + T t l  ) / I D )  , D  
C 1 5 3 T E  : +( D =I<+( J+ , ( i; < J ) / J [: 1 1 ) / OP 
C 1 6 1  T T :  OBC ;i:l+OBC ;K+K+l ] + O B [  ; X I  

[ 1 8 ]  OE'C;I<-lI+XC ; i : - l J+@2 
C 1 9  1 OP : +( ( Q X  K = B  , Q , ( X Z D  xN6)+.X / T  G C  ; ' [ I  / L A ,  T E  , T T  
C 2 0 I ; D I +X[ ; Q+ r / Q x X [  1 ; 1% 1 D - 1 I 
C 2 1  3 
C 2 2 1  OBC ;LJI+XC ; Q l + o 2  
C 2 3 1  +LA 
C 2 4 1  C C : X + ( ( J + x f X s O 2 ) / X  
C 2 5 1  OB4Q/OB 

+( ( T x K = l ) ,  ( (-2' ) x K = l ) ,  ( T x K = 2  1, ( -T+O=+/ , X )  x (  2 =K+p a D+pOB 1 1 / E Q ,  V E ,  
MA , AiY 

V E  : OB+( 1, D )pOB 

c 1 7 1  x c ; I : l + x c  ; 1 : 1 + x c ; s - 1 1  

X[ ; D I +X 2 J 
OBC ; D l+OBC ; D l  +OB[ ; &I 

2 6 1  Q+l=D+( DC 21-1;'DC 2 3  ) X D C  13 - l ; t (  L)+pX) C 11 
C 2 7 1  ' C H I - S Q U A R E D  ' ; T + + / + / ( ( (  I O B - Y I - Q x  

C 2 8 1  ' D E G R E E S  OP FREEDO!! ;~-ESTIi l lAI"ESCpi~STI!3P,TESl  
C 2 9 1  ' P R O B A B I L I T Y  ' ;D CHISQ T 
[ 301  ESTIfi!ATES+( -2<pi;'STII~AA,mES)~L'S~I!;IA1"SS 

0 . 5  * 2 +A' 

V 
WINS 

0 C H I  !!INS 
2 9  19 1 8  2 5  17 10 1 5  11 

EACH EXPECTED VALUE I S  1 8  
C H I - S Q U A R E D  1 6 , 3 3 3 3 3 3 3 3  

PRO B A  BILIT Y 0 . 0 2 2 2 3 9 7 0 4 2 1  
DEGREES O F  Fi7ECDOI.i 7 

0 C H I  HEIGHT 
OBSERVED V A L U E S  

1 2  3 2  
2 2  1 4  

9 6  
EXPECTED V A L V E S  

1 9 . 9 1 5 7 8 9 4 7  2 4 . 0 8 4 2 1 0 5 3  
1 6 . 2 9 4 7 3 6 8 4  1 9 . 7 0 5 2 6 3 1 6  

6 , 7 8 9 4 7 3 6 8 4  8 . 2 1 0 5 2 6 3 1 6  
C H I  -SQUAR ED 1 0 . 7 1 2 1 9 8 0 1  
DEGREES O F  FREEDOI'I 2 
PRO BA B I L  I T Y  0 .0  047 1 9  2 8 0 1  3 7 



XI 4 

12 14 0 
32 0 0 
1 9 1  

22 6 0 

x2 

10 15 5 
20 10 6 
5 5 5  
5 6 5  

X1 C H I  X2 
CHI - SQUARED 7.712787213 
DEGREES OF FREEDOM 3 
P R O B A B I L I T Y  0.05233561753 



C H I S  Q H 0 W 5 

PROBtDF CHISQ X 
0 5 / 0 1 / 7 0  
CONFIDENCE CODE: C 
1 - O R I G I N  I N D E X I N G  
DR. G.H.MCLAUGHLIN 
NEWHOUSE COMMUNICATIOJIS CENTER,  S Y R .  U N I V .  X 2 7 4 7  

CHISQ OUTPUTS THE P R O B A B I L I T Y  OP A CALCULATED CHI-SQUARED 
VALUE.  FOR EVEN D . F .  LESS  THAN 40 A N D  X L E S S  THAN 
150. I T S  ACCURACY I S  THAT O F  THE COMPUTER. OTHERWISE THE 
RESULT I S  GENERALLY CORRECT TO AT L E A S T  THREE DECINAL 
P L A C E S ,  DEPENDING MAINLY UPON THE ACCURACY OP THE SUBFUNCTION 
NORNAL. CHISQ OPERATES VERY R A P I D L Y ,  B E I N G  N O N - I T E R A T I V E  
ALTHOUGH I:IATHEMATICALLY EQUIVALENT TO THE HIGHLY I T E R A T I V E  
ALGORITHM 2 99 I N  C_O&WgE_D A_LGO;?IZ_Hi!$ zl?Qi;l cA_c!J 

RESULTANT - PROB: 

I S  A ( S C A L A R )  P R O B A B I L I T Y  VALUE 

LEFT ARGUMENT - D F :  

MUST BE A P O S I T I V E  INTEGER REPRESENTING DEGREES OF FREEDOM 

R I G H T  ARGUMENT - X :  

MUST BE A P O S I T I V E  NUMBER REPRESENTING A CALCULATED 
CHI-SQUARED VALUE 

SUBFUNCTIONS REQUIRED : 

NORMAL CALCULATES THE P R O P A B I L I T Y  O F  A 
NORMAL D E V I A T E ,  USIidG A S I X T H -  
ORDER POL YN OMIA L APPRO X I MA T I 0  N 

FUNCTION OUTPUT: 

RESULTANT PROB ONLY 



VCHISQCdI V 6 
V PROBcDF CIiISQ X;A;3;C;EVEN;ODD 

+(UP= 2, FRO B+E VEN+*-A+XxO. 5 ) / 0 
+( ( ( -L? A-C 1, ( ( -i, ) hC+! D F c L  0.5 x DF ) ;to. 5 x D2 1 ,  B+( DF > 4 0 ) vX> 15 0 ) / 
3 4 7  
+O , FR OB+E VEN x 1 + + 1 ( A :,: 1 DF ) 5 ! 1 DF+DF - 1 
-+ ( 0 = D F x  p p p PRO B+O R D+ 2 x N ORilAA L -X :: 0.5 1 / 0 

30, PR03+ODD+EVEPJx+/ (X*I+DP) +-3x(Axol )*o. 5 

0.5) 

C 13 
2 3 

C 3 1 
4 3 

C 5 1  B+(+( ! D P ) x 2 ~ D F t Q , t D F - l ) x ( ( 2 x D F ) p  1 0)/!12xDF 
c 61 
C7I PnOBt(NO~?~UL-((2xX)*0,5)-( (4xDF)-1+2xC)* 

V 

1 CHISQ 3.841 
0.05001395343 

2 CHISQ 5.991 
0.05 001161503 

9 CIiISQ 16.919 
0.04999985002 

i o  cIiIsy 18.307 
0.05000058909 

50 CiiISQ 6 7 . 5 0 5  
0.04750857725 

30 CHISW 14.954 
0.9899969894 



C U t i H  0 N 7 

R+P CUN X 
04/30/70 
CONFIDENCE CODE: C 
1 -ORIGLN I N D E X I N G  
DR. G.  H .MCLAUGHLIN 
NEWHOUSE COMMUNICATIONS C E N T E R ,  SYR. U N I V .  X2747 

CUM CUMULATES A (FREQUENCY)  VECTOR G I V E N  AS R I G H T  ARGLI!:iENT 

R E S U L T A N T  - R :  

I S  A VECTOR OP C U N I L A T I V E  F R Q U E N C I E S ,  I F  P = 0 -- OR A VECTOR OF CUMULATIVE PEz?CENTAGE F R Q U E N C I E S ,  I F  P = 1 
09 A TWO-ROW MATRIX C O N S I S T I N G  O F  CU.VULATIVE FREQUENCIES  
I N  THE F I R S T  ROW, AND CUiWLATIVE PERCENTAGE FREQUENCIES  
IN THE SECOND, I F  P = 2 

L E F T  ARGUMEHT - P :  

MUST BE 0 Qa 1 Qg 2 ( S E E  A B O V E )  

R I G H T  ARGUMENT - X: 
MUST BE A VECTOR OF FREQUENCIES TO BE CU.WLATED L E F T  TO RIGHT 

FUNCTION OUTPUT: 

RESULTANT R ONLY 



8 

1 1 . 8 1 8 1 8 1 8 1 8  
3 5 . 4 5 4 5 4 5 4 5 5  
6 1 0 . 9  0909091  

1 0  1 8 . 1 8 1 8 1 8 1 8  
1 5  27.27272727 
2 1  3 8 . 1 8 1 8 1 8 1 8  
2 8  5 0 . 9 0 9 0 9 0 9 1  
3 6  6 5 . 4 5 4 5 4 5 4 5  
45  81 .81818182  
5 5  1 0 0  



D I S T  HOW 
F D M P  D I S T  F 9 
0 5 / 0 1 / 7 0  
C O N F I D E N C E  C O D E :  C 
1 - O R I G I N  I N D E X I N G  
DR.G.H.MCLAUGHLIN 
NEWHOUSE COf!!4UNICATIONS CENTER,  S Y R .  U N I V .  X 2 7 4 7  

D I S T  CONVERTS A VECTOR OF C L A S S  FREQUENCIES  BACK I N T O  RAW 
S C O R E S ,  ASSUNING THAT THE VALUES OF EACH C L A S S  WERE 
O R I G I N A L L Y  COIJCENTRATED AT THE MIDPOIRT 

z_Vg_CzIQg S Y N T A X :  FD+MP D I S T  F 

RESULTANT - FD: 

I S  A VECTOR I N  W H I C H  EACH C L A S S  EIIDPOINT I S  REPEATED A S  
NANY T I M E S  A S  I N D I C A T E D  BY THE FREQUENCY OP I T S  C L A S S  

LEFT ARGUMENT - MP: 
MUST BE EZZgEB A VECTOR O F  MIDPOINTS  IN I N C R E A S I N G  ORDER 
QB A VECTOR O F  TWO VALUES:  
MPC 11 LOWEST MIDPOINT 
MPC21 C L A S S  FIIDT'H 

RIGHT ARGUMENT - F :  

MUST BE A VECTOR OF FREQUENCIES ORDERED BY I N C R E A S I N G  C L A S S  
S I Z E  

FUNCTION OUTPUT: 

RESULTANT F D  ONLY 



10 EWORilFITHO W 
E+B ENORilFIT F 
06/09/70 
COAr'IDENCE CODE: C 
1 - O R I G I N  IN DE X I N  G 
DR. G. H .  MCLAUGHLIN 
NEWHOUSE CO,;I,AMUIJICAl'IONS CENTER,  SYR .  U N I V .  X2747 

ENORMFIT S E R V E S  T H E  S A N E  PURPOSE A S  NORIi'FIT, RUT USING 
C L A S S E S  WITH EQUAL P R O B A B I L I T I E S ,  A S  RECOPNENDED IN 

I967 1 BY KENDAL AND STUAh'T. T H E  MANIV-TI'ALD PROCEDURE 
@YAdCgD _T@QGY QZ  ATIS IS TICS VOL.  2 ,  2ND. E D I T I O N ,  

I S  USED TO DETERl l INE THE NUMBER Or" C L A S S E S  R Z Q U I R E D .  
FOR A GIVEN FREQUEiJCY D I S T R I B U T I O N  , ENORigFIT OUTPUTS 
D E S C R I P T I V E  S T A T I S T I C S .  I T  THEN CALCULATES THE RESULTANT 
NOR?JAL D I S T R I B U T I O M ,  THE 13EAN AND VARIAIgCE 017 VJiICH A R E  
ESTIb!ATED FROiB THE GIVEN D I S T R I B U T I O M .  T H E  OBSEi3VED 
D I S T R I B U T I O N  I S  THEN TESTED FOR Gi)OD??ESS 07 F I T  TO THE 
NORMAL D I S T R I B U T I O N  BY THE CHI-SQUARED T E S T .  I F  NECESSARY 
T O  MEET THE REQUIREMENTS Or" T H E  P E S T ,  T H E  FRE&UEI:ICY C L A S S E S  
A R E  CONFLATEV T O  G I V E  A TOTAL Or' C L A S S E S .  f l - 3  DEGREES 
O F  F R E E D 0 2  ARE USED BECAUSE THE T'WO PARAIIETERS OF THE WORI:!AL 
D I S T R I B U T I O N  AND A S C A L I N G  ZACTOR ARE ESTI i !ATED FRO:'! THE 
O B S E R V A T I O l ? S .  

RESULTANT - E :  

I S  A MATRIX  Or' 6 COLUMNS 
C ; 13 LOWER C L A S S  BOUNDS 
C;23 UPPER C L A S S  BOUNDS 
C ; 3 1  C L A S S  M I D P O I N T S  
C ; 4 1  OBSERVED FREQUENCIES  
[ ; 5 1 EXPECTED FREQUENCIES ( A L L  I D E f ' T I C A L  1 
C ; 6 1  DIFFERENCES BETWEEN C ; 4 1  AlVD c ; 5 1  

LEFT ARGUigEWT - B :  

JjUST BE Z_I'_Hga A VECTOR OF LOWER C L A S S  BOUNDS I N  
I N C R E A S I N G  ORDER, FOLLOWED BY T H E  HIGHEST C L A S S  BOUIiD, 
Q& A VECTOR Or' C L A S S  MIDPOINTS  I N  I N C R E A S I N G  ORDER. 

R I G H T  ARGUMENT - F: 
MUST BE A VECTOR 02 J'REQUEIVCIES, OiVE FOR EACH C L A S S  
DEFINED BY B . 



ENOfiMFI THO W 2  
GLOBAL V A R I A B L E S  R E Q U I R E D :  

11 

ALPHA I S  T H E  REQUIRED S I G N I P I C A N C E  L E V E L  
FOR THE I;!AANN-I?ALD PROCEDURE. ALPHA 
I S  AUTOIdATICALLY S E T  TO 0. OS UIJLESS 
A DIFFERENT VALUE I S  R E Q U I R E D ,  IN 
WHICH CASE S E T  ALPHA+& 4 4 
BEFORE USIJJG THE FUNCTION. A F T E R  
COPYING ENORMFIT I N T O  A WORKSPACE 
FOR THE F I R S T  TIrdE S E T  ALPHA+O 0 

SUBFUNCTIONS R E Q U I R E D :  

I N  VNORM 

I N T O  

FQ 

GST 

CA LCULA T E S  NOR MAL D E V I A T E S  
CORRESPONDIBG TO G I V E N  P R O B A B I L I T I E S  
USED IN THE MANN-WALD PROCEDU3E AND T O  
DETERMINE THE RESULTANT C L A S S  BOUNDS 

R E A S S I G N S  THE FREQUENCIES  GIVEJJ BY F TO 
C L A S S E S  DETERI4INED BY IN VORP 

CALLED B Y  I N T O  TO PRODUCE THE RESULTANT 
FREQUENCY T A B L E  

CALLED BY G S T A T I S T I C S  TO CALCULATE 
D E S C R I P T I V E  S T A T I S T I C S  FRO!! GROUPED DATA 

G S T A T I S T I C S  D I S P L A Y S  D E S C R I P T I V E  S T A T I S T I C S  

C H I  

C H I S Q  

N 0 R MA L 

FUNCTION OUTPUT': 

CALCULATES C H I - S Q U A R E D ,  U S I N G  A GLOBAL 
V A R I A B L E  E S T I M A T E S  WHICH I S  S E T  AUTOMATICALLY 
BY NORMFIT 

CALLED BY CHI  TO COMPUTE THE P R O B A B I L I T Y  O F  
GIVEN CHI-SQUARED A I D  D.F. VALUES 

CALCULATES THE P R O B A B I L I T Y  OF A NORMAL 
D E V I A T E ,  U S I N G  A S IXTH-ORDER 
POLYNOMIAL APPROXIidATION 

I N  ADDITION TO RETURNING THE R E S U L T A N T ,  ENORf4FIT P R I N T S  OUT THESE 
I T E M S ,  FULLY LABELLED:  
MEAN, S . E . ,  S.D. AND NUMBER O F  VALUES O F  F ;  
CALCULATED C H I - S Q U A R E ,  I T S  DEGREE OF FREEDOM, AND I T S  
P R O B A B I L I T Y ,  GENERALLY ACCURATE TO A T  L E A S T  THREE F I G U R E S .  



12 



FQHOW 13 

F 4 P  F Q  X 
05/04/70 
CONFIDENCE CODE': C 
1 - O R I G I N  INDEXIPIG 
DR. G. H.MCLAUGHLIN 
NEWHOUSE COMMUNICATIONS CENTZR,  S Y R .  U N I V .  X2747 

F Q  OUTPUTS A FREQUENCY TABLE I N  THE FORU OF A FOUR-C#LUI.{N 
M A T R I X .  I T  T A K E S  A S  ARGUP4ENTS A VECTOR 0.' RAFir DATA OR OP 
FREQUENCIES  AND ANOTRER VECTOR IVORE OR L E S S  D B F I R I N G  THE 
RESULTANT C L A S S  BOUNDS. REQUIRED VALUES A R E  CALCULATED 
AUTOMATICALLY BY FQ I F  THEY ARE NOT S U P P L I E D  BY THE USER.  

I T  I S  ASSUMED THROUGHOUT THAT A C L A S S  INCLUDES EVERY VALUE 
EQUAL TO OR GREATER THAB THE LOMER BOUND OF THAT C L A S S  BUT 
L E S S  THAN I T S  UPPER BOUND. 

FUNCgLQJ S Y N T A X :  F+P FQ X 

RESULTANT - F :  

I S  A M A T R I X ,  THE COLUMNS OF WBICR COIJTAIN THE FOLLOYING 
V A L U E S :  
RE ; 13 LOWER BOUNDS 
R I : ; 2 3  UPPER BOUNDS 
RI: ; 3 3  MIDPOINTS  
RI: ; 4 1  FREQUENCIES  
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LEFT ARGUMENT - P: 
MUST 3 E  ONE O F  THE POLLOVING: 
ELZ_HE& A VECTOR O F  FOUR OR FlORE LOWER C L A S S  BOUNDS I N  
I N C R E A S I N G  ORDER FOLLOlirED BY THE GREATEST UPPER C L A S S  BOUND 
CNOTE: p P  MUST NOT EQUAL pX OR ( p X ) - 1  I F  X I S  A 
VECTOR O F  RAW SCORES3  
-- O R ,  I F  X I S  A VECTOR O F  F R E Q U E N C I E S ,  P MAY BE A VECTOR 
OF MORE THAN FOUR CLASS  MIDPOIJITS I N  I N C R E A S I N G  ORDEJ? 
[ N O T E :  U N L E S S  A L L  C L A S S E S  ARE OF EQUAL V I D T H ,  THE O R I G I N A L  
BOUNDS W I L L  NOT BE RECOVERED I N  THE RESULTANT T A B L E ]  

OF EQUAL W I D T H ,  P CAN BE A VECTQR OF TWO V A L U E S :  
PC 13 L E A S T  C L A S S  BOUND 
PC21 C L A S S  WIDTH 
-- O R ,  I F  X I S  A VECTOR OF RAW D A T A ,  P MAY BE OlliE OF T I E  
FOLLOWING: 
E I T H E R  A VECTOR OF THREE V A L U E S :  
PC 11 L E A S T  C L A S S  B O U N D  
PC 21 C L A S S  WIDTH 
P C 3 1  NUfIBER OF C L A S S E S  
O R ,  A VECTOR OF F O U 8  V A L U E S ,  ONE OR MORE OF WHICH I S  0 TO 

FUNCTION I T S E L F :  
PC 13 L E A S T  C L A S S  BOUND 
PC21 C L A S S  V I D T H  
PC 3 1 NUMBER OF C L A S S E S *  
P C 4 1  GREATEST C L A S S  BOUND 
*CIYOTE: I F  P C 3 1  I S  1 , THEN EACH D I F P E R E f l T  VALUE O F  X 
W I L L  JJORMALLY BE ALLOCATED TO A S E P A R A T E  C L A S S  AND A L L  
C L A S S E S  W I L L  BE EQUAL KIDTII.  HOIJEVER, A 'IJS FULL '  ERROR 
MAY OCCUR I F  THE SMALLEST DIFFERENCE BETWEEN T??O N O N -  
I D E N T I C A L  VALUES I N  X I S  SMALL R E L A T I V E  TO THE RANGE 
OF X . IN THAT C A S E  T Y P E  -+ AND S T A R T  A G A I N  WITH A 
DIFFERENT P . I  -- O R ,  THE VECTOR 0,0, 0,OCNOTE: T H I S  A L L O C A T E S  EACH 
DIFFERENT VALUE OF X TO A S E P A R A T E  C L A S S ,  N O  C L A S S  
W I L L  BE EMPTY,  BUT THE C L A S S E S  ;?ILL VARY I N  WIDTH. 
T H I S  OPTION I S  MUCH MORE ECONOhfICAL OF WORKSPACE THAN THE 
O P T I O B  D I S C U S S E D  IN THE PREVIOUS N O T E . ]  

-- O,?, I F  X I S  A VECTOR O F  FREQUENCIES  AJJD A L L  C L A S S E S  A R E  

ZDICATE T H A T  T H E  R E L E V A N T  V A L U E  I S  T O  B E  D E C I D E D  BY T H E  

R I G H T  ARGUMENT - X: 
MUST BE H_THEg A VECTOR OF RAW D A T A ,  IN ANY ORDER, 
QR_ A VECTOR O F  FRG'QliEWCIES Qf?PEI?ED B y  ii i iCn"EASiiv'G C L A S S  
V A L U E ,  EACH EMPTY C L A S S  BEING REPRESENTED BY 0 . 

FUNCTION OUTPUT: 

RESULTANT F ONLY 
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TIME FQ ORD 

24 
48 
60 
72 
78 
84 
90 
102 
114 

4 8  
60 
72 
78 
84 
90 
102 
114 
1 3 8  

3 6  
5 4  
66 
75 
81 
87 
9 6  

1 0 8  
1 2 6  

5 
13 
1 3  
14 
17 
1 2  
15 
7 
4 



16 
C]+KA ND4-5 ? 1 0 

8 1 3 2 1 0  

( 0 . 0 .  0.0) F Q  R A N D  

0.5 
1.5 
2.5 
5.5 
9 

1.5 
2.5 
5.5 
9 

11 

(0,0,1,0) PQ RAND 
- 
0.5 
0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 

0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
75 
8.5 
9.5 

10.5 

1 
4 
7 

10 

-3 
-2 
-1 
0 
1 
2 
3 

(1.3.4) FQ R A N D  

4 
7 

1 0  
13 

-2 
-1 
0 
1 
2 
3 
4 

1 
2 
4 
7.25 

1 0  

0 
1 
2 
3 
4 
5 
G 

8 
9 

10 

7 

2.5 
5.5 
8.5 

11.5 

- 
2.5 
1.5 
0.5 
0.5 
1.5 
2.5 
3.5 

- 
- 

0 
1 
1 
1 
0 
0 
0 

1 
0 
1 

0 
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PROBcFRATIO F 
05/01/70 
CONFIDENCE CODE: C 
1 - O R I G I N  I N D E X I N G  
DR.  C.H.MCLAUGHLIN 
NEWHOUSE COMMUNICATIONS CENTER,  S Y R .  U N I V .  X 2 7 4 7  

F R A T I O  CALCULATES THE P R O B A B I L I T Y  O F  A GIVEN F R A T I O .  I F  

K E L L E Y ' S  CORRECTION I S  AUTOtgATICALLY A P P L I E D .  A T - T E S T  
S T A T I S T I C  2 CAN BE EVALUATED BY S E T T I N G :  
F C 1 1  1 
FC 2 1  DEGREES O F  FREEDO!! 
F C 3 1  T * 2  

THE DEGREES O F  FREEDOM OF THE NUifERATOR ARE 4 OR L E S S ,  

RESULTANT - PROR: 

I S  THE ( S C A L A R )  P R O B A B I L I T Y  OF THE G I V E N  P R A T I O .  PROB 
IS GENERALLY CO3RECT TO THREE DECIMAL PLACES 

R I G H T  ARGUMENT - F :  

MUST C O N S I S T  O F  THREE NUMBERS: 
FCll  DEGREES O F  FREEDOM OF THE DENOMINATOR OF THE F R A T I O  
F C 2 3  DEGREES O F  PREEDOt! OF THE NUMERATOR 
F C 3 1  F R A T I O  EXPRESSED AS A DECIMAL 

SUBFUNCTIONS REQUIRED : 

NORMAL CALCULATES THE P R O B A B I L I T Y  O F  A NORMAL 
D E V I A T E ,  U S I N G  A S I X T H - O R D E R  POLYNOMIAL 
A PPR 0 XI NA T I  011 

FUNCTION OUTPUT: 

RESULTANT PROB ONLY 



FRATIO 4 , 6 , 4 . 5 3  
0 .05026692796  

F R A T I O  1 2 0 , 3 0 , 1 .  G 0 
0 . 0 5 0 6 8 9 0 0 1 4 7  

E’iiATIO 4 , 1 2 0 , 2 . 4 5  
0 . 0 4 9 2 0 0 9 2 3 4 1  

FRATIO 1,1 , 6 .314*2  
0 . 1 0 3 6 7 3 4 9 1 3  

PRATIO 1 , 3 0,l. 69 7*2 
0 . 0 9 6 3 6 0 5 2 9 5 2  

8 5xFRATIO 1 , 2 0 , 2 . 5 2 8 *  2 
0 . 0 0 9 5 6 4 7 4 9 9 3 9  



G S T A  T I  S T I C S do 61 
19 N+C G S T A T I S T I C S  P 

0 5 / 0 1 / 7 0  
COl iFIDENCE CODE: C 
1 - O R I G I N  I N D E X I N G  
DR. G H .  hICL.4 UGHLIN 
NENHOUSE COi.liliiUNICAl'I0iiS C E N T E R ,  SYI: .  UP?!rlV. X2747 

G S T A T I S T I C S  CALCULATES AWD D I S P L A Y S  D E S C R I P T I V E '  S T A T I S T I C S  
FOB Gl?OUPED D A T A .  

R E S U L T A N T  - N :  

I S  A VECTOR OF POUR I T E i 3 S :  
N C l l  MEAN 
N C  2 3 V A R I A N C E  
N C 3 1  !VUllrlBER O F  V A L U E S  (I.E. SUPt OF F )  
NE43 T O T A L  OP V A L U E S  (I.E. SU2 G F  F x M D P O I N T S )  

L E F T  ARGUI!'ENT - C :  

1dUST BE ONE OP T H E  FOLLOWING: 
&'Lzags A VECTOR OF C L A S S  I l I D P O I N P S  IN I N C R E A S I N G  ORDER 
,OB A VECTOR OF LOVER C L A S S  BOUNDS ( I n  I N C R E A S I h ' G  O R D E R )  
FOLLOWED BY T H E  HIGHEST C L A S S  30UND 
05 1 (IF THE C L A S S  M D P O I N T S  A R E  1 , 2 ,  . . . ,p E ' )  
Qg 0 ( I F  T H E  C L A S S  MIDPOIiVTS A R E  0 , 1 , 2 , , , . , ( p i ? ) - I )  

B I G H T  ARGUMENT - P: 
idUST BE A VECTOR O F  Fi?E&UENCIES FOR T H E  C L A S S E S  D E F I N E D  

V A L U E  0 
BY C . EACH EMPTY C L A S S  A'UST B E  R E P R E S E N T E D  BY T H E  

S U B F U N C T I O N S  R E Q U I R E D  : 

G S T  CALCULATES T H E  Z E S U L T A N T  O F  G S T A T I S T I C S  

FUNCTION OUTPUT:  

I N  A D D I T I O N  T O  RETURiVING TEE i?ESVLTANT N , G S T A T I S T I C S  
A L S O  P R I N T S  OUT FOUR S T A T I S T I C S  L A B E L L E D :  
MEAN 
STANDARD ERROR 
STANDARD D E V I A T I O N  
NUMBER O P  V A L U E S  



V G S T A T I S T I C S C D I  Q 
V N+C G S T A T I S T I C S  F 

C11 N4-C GST F 
C 2 3 'MEAN ';IfC11 
C 33 ' STANDAiPD ERROR 
C41 'STANDARD DEVIATION ' ; H C  21*0.5 
C 5 3 ' NUI4BER Or' VALUES ; NC 3 1 

' ; ( N C  23* 0. 5 ) +i"C 31 *O. 5 

Q 

310s 
1 1 0 1 6 6 6 0 5 5 2 3 2 1 1 2  

0 G S T A T I S T I C S  N O S  
'*.E Ai'? 7.30 
STANDARD EXHOR 0.465 8895 376 
3TANDAi?D DEVIATION 3.294336513 
idU~~4L3Is'R O F  VALUES 5 0  
7.38 10.85265306 50 369 

( 2 x i p i d C ) S )  G S T A Y I S Y I C S  !VOS 
LiEAN 16.76 
STAI'J DAR D ERROL: 0.9317790752 

iJUMDER OP VALUES 50 
16.76 43.41061224 50 838 

STANDARD D E V I A T I O ~ I  6 sa0673026 

( ( 2 x I 1 +p r"lr0S) - 1 ) G S T A Y I S B I C S  idOS 
. fEAN 16.76 
STANDARD E R R 0 3  0.9317790752 
STANDAHD DEVIATION 6.580673026 
J U M E E H  OF VALUES 5 0  
16.76 ~3.41061224 50 038 

JJOS G S T A T I d P I C S  p NOS ) p  1 
;iEAN 3.125 

STAIJDA2D DEVIATION 2.4731 09 574 
N U f S B E R  O H  VALUES 16 
3.125 6.116666667 16 50 

STANDABD EHROH 0 ~ 1 8 2 9 7 3 9 3 4  

20 



21 GS T If 0 W 
N 4 C  G S T  F 
05 / 01/7 0 
CONFIDENCE CODE: C 
1 - O R I G I N  I N D E X I N G  
DR.G.H.MCLAUGHLIN 
NEWHOUSE CONUUIJICATIONS C E N T E R ,  S Y R .  U N I V .  X 2  747 

G S T  C A L C U L A T E S  MEAN, V A R I A N C E ,  IVUMBER OF V A L V E S  AND T H E I R  
SUMS FROM GROUPED D A T A .  I T  I S  A S S V I f E D  T H A T  THE C L A S S  
V A L V E S  A R E  CONCENTRATED AT T H E  I ' i I D P O I N T S ,  NHICH A R E  
D E R I V E D  FROU THE L E F T  ARGUMENT C . T H E  CORRESPOWDING 
F R E Q t l E N C I E S  A R E  G I V E N  BY THE R I G B T  ARGUiWlVT F . 

FUNCTION SYPJTA_X: N4C G S T  F 

R E S U L T A N T  - N :  

I S  A VECTOR OF POUR I T E M S :  
N E 1 3  MEAN 
N C 2 1 VARIAPJCE 
N C 3 3  NUPBER OF V A L U E S  ( I . E .  SU!! OF PI 
N C 4 3  T O T A L  OF V A L U E S  ( I . E .  S u r 1  OF P W I D P O I N T S )  

L E F T  ARGUMENT - C :  

MUST B E  ONE OF T H E  FOLLOWING: 
EZTHEi? A VECTOR OF C L A S S  M I D P O I N T S  I N  I N C R E A S I N G  ORDER 
Qe A VECTOR OF LOVER C L A S S  BOUNDS I N  I N C R E A S I N G  ORDER 
FOLLOVED BY THE HIGHEST C L A S S  BOUND 
QR, 1 ( I F  THE C L A S S  M I D P O I N T S  A R E  1,2,. . . , p F  1 
-- OR 0 ( I F  T H E  C L A S S  M I D P O I N T S  A R E  OBl*2,.~,(pFI+11 

R I G H T  ARGUMENT - F :  

MUST BE A VECTOR OF FREQUENCIES FOR T H E  C L A S S E S  D E F I N E D  
B Y  C . EACH Ei4PTY CLASS FIUST BE R E P R E S E N T E D  BY THE 
V A L U E  0 . 

FUNCTION OUTPUT:  

R E S U L T A N T  N ONLY 



T I N E  
2 4  4 8  6 0  7 2  7 %  8 4  9 0  1 0 2  1 1 4  1 3 8  

ORD 
5 1 3  1 3  1 4  1 7  1 2  1 5  7 4 

22 

TIiilE GST OHD 
7 9 . 1 1  4 0 0 . 8 4 6 3 6 3 6  1 0 0  7 9 1 1  



I N  TO HO !I 23 
R+Z I N T O  X 
05/01/70 
CONFIDENCE CODE: C 
1 -ORIGIN I N D E X I N G  
DR.G.H .MCLAUGHLIN 
NEKHOUSE CONi!UU3TCATIONS CEI'VTER, S Y R .  U N I V .  X 2 7 4 7  

I N I ' O  OUTPUTS A FREQUENCY TABLE I€? THE PORI1 Or' A FOUR- 

C L A S S E S  AND F B E Q U E N C I E S  OF AN E X I S T I N G  D I S T R I G U T I O N ,  THE 

I N T O  IS USED FOR CHANGING THE C L A S S  BOUIIDS I N  A FREQUENCY 
T A B L E  Or' THE FORM OUTPUT BY THE FUNCTION FQ . THE' NUIIBER 
OF C L A S S E S  L A Y  B E  REDUCED OR L E F T  THE SA/!E,  BIJT T S E Y  
CAiVNOT BE I N C R E A S E D .  THE RESULTAIVT Oi' I N T O  H A S  T11E SAI"1E 
FORM AS THAT OF F Q  . 

COLUMN MATRIX G I V E N  TNO AEZGUMENTS, OiJE D E F I N I N G  THE 

OTHER D E F I f J I N G  THE C L A S S  BOUNDS REQUIRED I€J T H E  R E S U L T A N T .  

I T  IS ASSUMED THAT T H E  VALUES I N  EACH O R I G I N A L  C L A S S  
A R E  CONCEfJTRATED A T  THE I ~ l I D P O I N T .  

IN THE D E S C R I P T I O N  BELOW I T  IS ASSUf4ED T H A T  I N T O  IS T O  
OPERATE ON S0i.E T A B L E  T O R I G I N A L L Y  OUTPUT BY F Q  . 

FUNCTIOp! S Y N T A Y :  R+i' I N T O  X 

R E S U L T A N T  - H: 
T H E  C O L U M N S  O F  T H E  RESULTANT R C O N T A I N  T H E  F o u o v r m  
V A L U E S :  
RC ; 13 LOWER BOUNDS 
R C ; 2 1  UPPER BOUNDS 
RC ; 3 3  M I D P O I N T S  
RC ; 4 3  F R E Q U E N C I E S  

L E F T  ARGUi4EiVT - F :  

MUST BE a I T H E $  T [ ; 3 1 , T [ ; 4 1  ( I . E .  A VECTOR OP C L A S S  
M I D P O I N T S  CATENATED V I T H  A VECTOR OF F ' R E Q U E N C I E S )  
-- OR TC;il,TC(pT)C23;21,T[;41 ( I . E .  A VECTOV OP LOIIER 
C L A S S  BOUNDS IN I N C R E A S I N G  ORDER CATENATED V I T H  THE 
'qIG.yESy CLASS  $C&'JI'U" CATENATES ;lIy,y A y'ECTQL? QLT p3Eg:'E:;CIES ) 



I N  T 0 HOW 2 

RIGHT ARGUMENT - X :  

M I S T  BE ~ _ m g g ~  A VECTOR OF AT LEAST FOUR  LO:^ CLASS  
BOUNDS I N  INCREASING ORDER FOLLOWED BY THE GREATEST 
UPPER BOUND I N  4 SUCIi THAT 
I T S  F I R S T  VALUE I S  THE LOWEST B O U N D  I N  T 
AND THAT I T  HAS N O  )!ORE VALUES THAN I + p T C ; I I  
Qd A VECTOR O F  THE FOUR VALUES 
XC3.l T c l ; I l  ( I . E .  THE LEAST C L A S S  POUND) 
x c 2 3  0 
X c 3 3  NUMBER O F  CLASSES  (NOT GREATER THAN l + ( p T ) C 2 l  1 
Xc4l T C ( p T ) C 2 1 ; 2 1  ( I . E .  THE GREATEST C L A S S  B O U N D )  

SUBFUNCTIONS REQUIRED : 

F Q  OUTPUTS A FREQUENCY TABLE 

FUNCTION OUTPUT; 

RESULTANT R ONLY 



QIUTOCOI V 

C11 R+(S+rO.SxpX)fX 
V F+X INTO B;S;I;R 

c21 +((pS+S+X)=pR)/Ll 
c 31 
C41 Ll:F+B FQ R,R 
c 5 1  R+FC;41+2 
c 6 I X4-p T 4 K 4 - l  
C71 +(RCIlgO)/LA 
C81 X 4 - X , O  
C91 +l+LA 

c 11 1 
c 123 

R+K+O. 5 X( 1 SI?) -#+-1+8 

ClOI LA:X+X.+/SC~RCII+K-11 
K+K+R C I I 
+( (pR ) 2 I + l + l  )/Ld 

C131 FC ;4l+X-O,-1+X 
Q 

TIi'IE 
24 48 6 0  72 78 84 90 102 114 138 

ORD 
5 13 13 14 17 12 15 7 4 

( TIME . ORD INTO 24,O . 4,133 
24 
52.5 
81 

109.5 

52.5 
81 

109.5 
138 

0 
20 
40 
6 0  
80 

100 
1 2 0  

24 
48 
72 
96 

120 

( TIME OR D 1 I iJT 0 0 2 0 x I 7 

20 
40 
60 
80 
100 
120 
140 

38.25 
6 6 . 7 5  
95.25 
123.75 

10 
30 
50 
70 
90 
110 
130 

25 

5 
40 
51 
4 

0 
5 
13 
2 7  
44 
7 
4 

(36,54,66,75,81~87,96,108~126,0RD) INTO 24,48,72,96.120,138 

48 
72 
96 

120 
138 

36 
60 
84 

108 
129 

5 
2 6  
43 
22 
4 



26 IN ViI 3iZ Id0 i! 

Z+INVNOR?! PROB 
05/01/70 
CONPIDENCE CODE: C 
1 - O R I G I N  INDEXING 
DR. G .  H ..?lCLAUCHLIW 
NEWIIOUSE COMl"ilUNICATI0NS C E N T E R ,  S Y B  . U N I V .  X 27 4 7 

INVNORN CALCULATES NORElAL DEVIATES CORRESPONDING TO 
P R O B A B I L I T I E S  I N  THE RANGE O F  O 1 P R O B ~ 1 .  INVNORN EInBODIES 
A P 0 L Y N 0 j1.T A L A P PR 0 XI I !A T I  0 $1 T A  .?EN F R 0 i 1 HAS T I N  G S 
FQR_ _CQJ_P_UT'i?_S. THE RESULTANT I S  GENERALLY ACCV3ATE TO 
THREE DECIf lAL PLACES.  

0 XI !A TI 0 N &' 

RESULTANT - 2: 

HAS THE SAME DIMENSION AS THE ARGUMENT PROB 

RIGHT ARGUMENT - PROB: 

MUST BE A SCALAR QB VECTOR I?ITH N O  VALUE L E S S  THAN 0 NOR 
EQUAL T O  OR GREATER THAN 1 

FUNCTION OUTPUT: 

RESULTANT PROB ONLY 

VINVNORNC!JI V 
V Z + I N  VNORN PROB ; E  ; Z 

E+( @PROB* 2 ) * 0.5 
Z+l+(l. 432788xE)+( 0.189269xE*2 ) + (  0.001308xE*3) 

El] PROB++PROB-O.S<PHOB 
C 2 I 
[SI 
C41 Z + ( x - P H O B ) x E - (  ( 2 . 5 1 5 5 1 7 + ( 0 . 8 0 1 8 5 3 x E ) + (  0 . 0 1 0 3 2 8 x E * 2 ) ) + Z )  

V 

PNOR 
0.5 0,8413446736 0.9772497307 0.9986501861 0.9999682109 

I ~ N o K ~ ~ ~  P I m  

IIbVlilORil 1 -PfJOR - 

-0.0003988186724 1.000398861 2.000862549 3.000747239 
3.9995412 

-0.0003988186724 -1.000398861 -2.000862549 3.000747239 
-3.9 99541 2 



MANHOW 27 
R+N )!AN W 
0 6 / 0 5 / 7 0  
CONFIDENCE CODE: C 
1-ORIGIN I N D E X I N G  
DR. G .  H .llCLAUGHLIN 
NEWHOUSE COMNUNICATIONS CENTER,  S Y R .  U N I V .  X2747 

MAN COMPUTES THE NANN-NHITNEY U S T A T I S T I C  Al'JD I T S  
ONE-TAILED P R O B A B I L I T Y .  THE 2 S T A T I S T I C  FROl4 WNICH THE 
P R O B A B I L I T Y  I S  CALCULATED BY A NORIfAL APPROXIUATION I S  
CORRECTED FOR T I E S .  I F  EITHER ARGUIiENT HAS 20  OR FEGlER 
VALUES T'HE S I G N I F I C A N C E  O F  U I S  BETTER DETERPIINED FROPI 
TABLES  [ E . G .  I N  S I E G E L ' S  ~ Q K - ~ ~ ~ R ~ E ~ ~ ~ C  ST4zLgz&'$I 

FUNCTION_ sgN_TAX_: R+N MAN W 

RESULTANT - R :  

I S  A VECTOR G I V I N G  THE JOINT RAP?II ORDERING O F  11 AND W 

LEFT ARGLIMEPIT - N :  

MUST B E  A VECTOR O F  RAW SCORES 

RIGHT ARGUMENT - W :  

MUST BE A VECTOR O F  RAW SCORES.  pP1 UUST EQUAL p r l  

SUBFUNCTIONS REQUIRED: 

JOINTLY RANK ORDERS THE ARGUMENTS 
AND CALCULATES THE NUFIBERS OF T I E D  
VALUES 

NORMAL COMPUTES P R O B A B I L I T Y  O F  U 

FUNCTION OUTPUT: 

I N  ADDITION TO THE RESULTANT, )!AN OUTPUTS THE VALUES 
LABELLED 
U: 
2: 
P R O B A B I L I T Y :  
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.. 

Y 
13 12 12 10 10 10 10 9 8 8 7 7 7 7 7 6 

Y blAN s 
U :  64 
Z :  -3.45095466 

29.5 24.5 24.5 16 16 16 16 12 9.5 9.5 5 5 5 
P R O B A B I L I T Y :  0.0002793a6a927 

5 5 1.5 3 9  38 3 6  3 6  36 3 3  3 3  33 29.5 
29.5 29.5 24.5 24.5 24.5 24.5 20.5 20.5 16 
1 6  16 9.5 9.5 1.5 

( 78 64,7 5,45 ,8  2 ) i lAN 110,7 0 , 5  3 5 1 
u :  9 
2 :  0.2449489743 
P R O B A B I L I T Y :  0.403 2 47 9 3 6 
7 4 6 1 8 9 5 3 2  

- 
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WFIODE X 
0 4 / 0 8 / 7 0  
CO.?lFIDEiVCE CODE; C 
1 - 0 RIG IN IN DE X I N G 
PROF. G .  HARRY !!CLAUGELIII 
16 NEWHOUSE CONI'IUNICATIONS CENTER,  S Y R .  U N I V .  X 2 7 4 7  

MODE CALCULATES TBE I:!ODE(S) ,  I F  A N Y ,  OF A VECTOR OF 
RAW DATA. I T  DOES NOT INVOLVE l iATRIX  PRODUCTION, SO 
I T  CAN BE SAFELY APPLIED TO VERY LAnGE V3CTORS.  

RESULTANT - M: 
IS THE ( S C A L A R )  MODE, I F  X I S  UPJIFfODAL 
QR_ A VECTOR OF MODES, I F  X I S  ??ULTIJJOEAL 
08 THE EMPTY VECTOR, I F  X IIAS RO ?IODE 

RIGHT ARGULVENT - X :  

MUST B E  A VECTOR O F  RAW DATA 

FUNCTION OUTPUT: 

RESULTANT M ONLY 

Vi10 D E [: L3 I V 
V M+E!ODE X ; M ;  V 

[ 11 
c 21 M + V , O X I N  
[ 3 1 
C 41  l.!+M/X 

V+( f?+O 1 x I p x+xc 4x1 
-+( v / V t (  ( -14) c 2 )  = ( N+N +1) +x 1 / 2 

0 
dODE 99,1100 

99 

H O D E  1,4,2,4,3,5,3 
3 4  
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Fl+MVNT X 
05/01/70 
CONFIDENCE CODE: C 
1 - O R I G I N  I N D E X I N G  
DR. G. H .  MCLAUGHLIN 
NEVHOUSE COMMUNICATIONS CENTE!? , S Y R  . U N I  V .  X 2  7 47 

MVNT CALCULATES THE l l E A N ( S ) ,  V A R I A I i C E (  SI, NUilBER( S )  
O F  V A L U E S  AND T H E I R  SUNS FROrl E I T H E R  A VECTOR 02 A 
IdAlmRIX OF RAG? DATA. 

R E S U L T A N T  - M: 

I S  A MATRIX OF 4 COLUilNS AND A S  ?.!ANY ROWS A S  THEBE ARE 
S E T S  O F  DATA IN 11 . THE COLUNNS C O N S I S T  OF THE 
FOLLOWING V A L U E S :  
M[: ; 13 MEANS 
ME ; 2 3 V A R I A N C E S  
id[ ; 3 1 NUMBERS OF V A L U E S  
MI. ; 4 1  SUUS OP VALUES 

R I G H T  ARGUMENT - X :  
MUST B E  E ~ ’ _ H E R  A VECTOR c o r m - s m r G  OP A S I N G L E  SET OF RAP! 
DATA ,OB A F I A T R I X ,  EACH ROW O F  WHICH C O N S I S T S  OF A 
S E P A R A T E  S E T  O F  DATA 

FUNCTION OUTPUT: 

R B S U L T A N T  M ONLY 
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IJ+DNilS4( 0,l) DIST N O S  
0 1 3 4 4 4 4 4 4 5 5 5 5 5 5 6 6 6 6 6  

6 7 7 7 7 7 7 7 7 8 8 8 8 3 9 9 9 9  
9 10 10 11 11 11 12 12 13 14 15 15 

7.38 10.85265306 50 369 

2.5 
6.5 

10.5 
14.5 
18.5 

1.666666667 4 
1.666666667 4 
1.666666667 4 
1.666666667 4 
1.666666667 4 

10 
26 
42 
58 
74 



32 N B I N HO II 
N+P NBIN K 
05/19/70 
CONFIDEtlCE CODE: C 
I - O R I G I N  INDEXING 
DR.G.H.NCLAUGHLIN 
NEWHOUSE CO!!UUNICATIONS CENTER,  SIB. U N I V .  X2747 

NBIN COMPUTES WITH FULL ACCURACY SUCCESSIVE TERr tS  O F  THE 
NEGATIVE BINOMIAL PROBABILITY D I S T R I B U T I O N ,  
I .  E .  THE EXPANSION OF ( E * & )  x-P* -& 

8ESULTANT - N :  

I S  A VECTOR O F  N, TERJ4S OP THE NEGATIVE EINO.'IIAL 
D I S T R I B U T I O N  

LEFT ARGUl4ENT - P :  

MUST BE THE VALUE OF THE PARA!!ETER 2 

RIGHT ARGUMENT - K :  

MUST BE A VECTOR O F  TWO VALUES 
K C l l  THE VALUE O F  THE PARAIETER 
KC23 lV, THE NUMBER OF TERHS TO BE EVALUATED 

FUNCTION OUTPUT: 

ONLY THE RESULTANT N 

. 9  N D I f l  5,5 
0.59049 0.295245 0.0885735 0.02066715 0.00413343 0.0007440174 



33 i/i?G.YIi/ti$Y 
N t R  NEGBIN F 
05/15/70 
CONFIDENCE CODE: C 

DR.G. H .MCLAUGHLIN 
NEWHOUSE COMMJNICATIONS C E N T E R ,  S Y R .  U N I V .  X2747 

1 - O R I G I N  I N D E X I N G  

FOR A G I V E N  FREQUENCY D I S T R I B U T I O N ,  IVEGBIN OUTPUTS 
D E S C R I P T I V E  S T A T I S T I C S .  FROM T H E S E  I T  E S T I M A T E S  
THE PARAMETERS P AND K FOR A N E G A T I V E  RINOL?IAL 
D I S T R I B U T I O i ? .  I T  THEN CALCULATES THE RESULTALIT 
EXPECTED D I S T R I B U T I O N  W H I C H  I S  T E S T E D  PO2 GOODNESS 
Or' F I T  TO THE OBSERVED D I S T R I B U T I O N  BY T H E  C H I -  
SQUARED T E S T .  I F  NECESSARY TO idEET T H E  REQUIREMENTS 
OF T H E  T E S T ,  THE r'REQUENCY C L A S S E S  ARE CONFLATED 
T O  G I V Z  A T O T A L  O F  & C L A S S E S .  a - 3  DEGREES O F  
FREEDOM ARE USED BECAUSE P , K AND A S C A L I d l G  
FACTOR A R E  ESTIIVIATED .FROM THE O B S E R V A T I O N S .  

P A??D K A R E ,  I N  ANY C A S E ,  E S T I i l A T E D  BY T H E  
MONENTS METHOD. I F  R I S  0, MAXIilfUM L I K E L I H O O D  
E S T I M A T O R S  ARE THEN CALCULATED BY Ai? ADAPTATIOiill O F  
MR. C H R I S  V A B I E R ' S  NEWTON-XAPHSOli FUiYCTION. 
I F  K DOES NOT CONVERGE WITHIN A TOLERANCE O P  
.001 A F T E R  5 I T E R A T I O N S ,  THE 140ilENTS E S T I M A T E S  
A R E  USED. 

R E S U L T A N T  - N :  

I S  A VECTOR OF EXPECTED i??EQUENCIES HAVING A 
N E G A T I V E  B I N O M I A L  D I S T R I B U T I O N  WITH P A R A N E T E R S  P 
AND K E S T I M A T E D  FROM THE D I S T R I B U T I O N  D E F I N E D  BY 
T H E  ARGUMENTS. THE F R E Q U E N C I E S ,  W H I C H  T O T A L  THOSE 
O F  T H E  GIVEN D I S T R I B l J T I O N .  A R E  GROUPED W I T H I i i  T H E  
C L A S S E S  DEFIlVED BY R .  

L E F T  Ai?GUidEI?T - R :  

- - -  M I I S T  .-.& ZE g , IF .if?A,Xli.ILIM LIxEL.IEQfJc E_CTIAATC)j?S 
TO BE C A L C U L A T E D  C _ W A _ ~ U Q G :  T B I S  C A L C U L A T I O N  rs 
H I G H L Y  I T E R A T I V E ]  
QTH_ERblI_SE R MAY BE ( i p F ) - 1  C 1 . E .  A VECTOT? OF 
M I D P O I N T S  OF C L A S S E S  WITH U N I T  GIIDTHI 
,OB A VECTOR O F  LOVER C L A S S  BOUNDS. S T A R T I N G  W I T H  
-0 .5,  FOLLOVED BY THE GREATEST UPPER BOUND. 



R I G H T  ARGUMENT - F :  

MUST BE A VECTOR OP FREQUENCIES.  I F  R I S  0 OR 
( 1pF)-1, THEN F MUST G I V E  F R E Q U E N C I E S  FOR 
0,1,2,3.. . E V E N T S .  I F  R C O N S I S T S  OF BOUADS,  F 
MUST HAVE A VALUE FOR EACH C L A S S  DEFINED 
C 1 . E .  p F  MUST EQUAL ( p R 1 - I ] .  

SUBFUNCTIONS R E Q U I R E D :  

G S T  CALLED BY G S T A T I S T I C S  TO 
D E S C R I P T I V E  S T A T I S T I C S  7 
DATA 

CALCULATE 
OM GBOUPE 

G S T A T I S T I C S  D I S P L A Y S  D E S C R I P T I V E  S T A T I S T I C S  

N B I N  

C H I  

C H I S Q  

NOR E A  L 

OUTPUTS N UJIROirNDED V A L U E S  OF A 
N E G A T I  V E  3 I N  O M  A L D I S T R  I 3  U P  I 0 ig 
GIVEN N , P AND K 

CALCULATES C H I - S Q U A R E D ,  USING A 
GLOBAL V A R I A B L E  E S T I P I A T E S  WHICH 
I S  SET AUTOIIATICALLY BY NEGBIN 

CALLED BY CHI  TO C0;IPUTE THE 
P R O B A B I L I T Y  OP G I V E N  C H I - S Q U A R E D  
AND D.P. V A L U E S  

CALLED BY C H I S Q  TO CALCULATE THE 
P R O B A B I L I T Y  OF A NORMAL D E V I A T E ,  
USING A S I X T H - O R D E R  POLYNOMIAL 
APPHO XI 1;A T I O N  

FUiVCTIOli OUTPUT: 

I N  A D D I T I O N  TO HETURRING THE R E S U L T A N T ,  NEGBIN P R I N T S  
OUT T H E S E  I T E F I S ,  FULLY LABELLED: 
1. MEAA, S . E . ,  S.D. AND NUi4BER OF VALUES O F  F 
2 .  l33g'Es MOilENTS METIiOD E S T I i ' f A T E S  Or' P A N D  K 

OR THE !rlESSAGE ' V A R I A N C E <  J E A N ,  SO D I S T R I B U T I O N  
7s NOT N E G A T I V E  3INO[II IAL'  
P r i r i r v r r n n r  R D A  nirupc n r i m  A ~ D  T ~ ~ E  z ? ~ ~ ~ i ~ ~ ~ ~ l ~  1s 
EMPTY V E C T O R )  

3 .  I P  R = O ,  E I T H E Z  i ! P , X I M U i V  L I K E L I H O O D  E S T I I I A T E S  OF 
P AND K 
-- O R  THE MESSAGE ifAXIMUM L I K E L I H O O D  E S T I P A T E S  
UNOBTAINABLE ' 
AJJD I T S  P B O B A B I L I T Y  , GENERALLY ACCURATE T O  A T  
L E A S T  THREE F I G U R E S .  

(IN WHICH C A S E  THE 
"'""*A."'" Y I L c I * . " ' I Y h #  ""A 

4. CALCULATED C H I - S Q U A R E ,  I T S  DEGREES O F  FREEDOII,  



35 V NEGBINC U] V 
V N+R NEGBIN F ;  J ;  V ; S  ; T  ;P ; I ;  C ;  K ; - I ! ;  E ;  L ; V ;  Z S T I M A T E S  

Cl] N4R G S T A T I S T I C S  F 
C 2 1 

C51 -to 

c a I 
C91 C+oxpP4i+P 
ClOI +(lzpR+,R)/CA 
C 11 1 L 1 :  E+K 
C121 J4pr' 
C 13 1 
C 14 1 

Cis1 V+V+S+T*2 
CUI +(11~4~-1)/~2 

L+NC 3 1 
C 31 
C41 ' V A R I A N C E  I MEAN, SO D I S T R I B U T I O N  I S  NOT N E G A T I V E  B I N O i f I A L '  

+( 12P+(lI+NC 1 I )+V+NC 23 ) / E S  

C 6 ] E S :  iIOi.lENTS J!ETHOD ( P 1 ; P 
C71 E S T I M A T E S  ( K ; I+K+ilxP+ 1 - P  

N+FC 1 I 

Z+L xt~U4-1 +IYiK+S+O 
V 4 - L  xiU+ ( K * 2  ) X U  

C151 L2:Z+Z-(S+S+FCJ])+TtKtJ-l 

C181 
C 191 ' / !AX L I K E L I H O O D  ( E '  ' ;P+Kt.ul+K 
C201 ' E S T I M A T E S  (ic ' ; K  
C211 +CA 
C 221 N O : X + I  
c 231 lEIAXIMUid L I K E L I H O O D  E S T I M A T E S  U N O B T A I N A B L E  
C241 CA:N+LxIJ+P N B I N  K,(L-?Cp.?l)rpP+-N,F 
C251 +(l=R+pR)/27 

C271 E S T I M A T E S 4  2 2 2 
c2a1 N C H I  r' 
C291 N+LO.S+N 

+( (5<C+C+1 ),O. 001s (E-K+E+( - Z ) + V ) / N O , L l  

C 261 N 4 + / ( R Y ( p N ) i ~ 4 t R - H > p F ) p N  

V 
GOALS 

95 158 108 63 40 9 5 2 

0 REGBIIJ GOALS 
MEAN 1.691666667 
STANDARD ERROH 0.06347505478 
STANDARD D E V I A T I O N  1.390660774 
A'UMBER O F  V A L U E S  480 
.VOMENITS METHOD ( P  0.a747166349 

: J A X  L I K E L I H O O D  (P 0.8758135a45 

DEGREES OP PREEDOM 5 

E S T  I M A  T E S  ( K  11.81105706 

E S T I M A  T E S  ( K  11.93032782 
C H I  -SQ UARED 5.845390145 

P R O B A B I L I T Y  0.55791310ll 
99 146 117 68 31 12 4 1 

(0, I 7) NEGBIN GOALS 
:EA I"v' 1.69165656 3 

STANDARD ERROR 0.06347505478 
STANDARD D E V I A T I O N  1.3 9066 077 4 
NUMBER OF V A L U E S  480 
?4OMENTS METHOD ( P  0.8747166349 

E S T I MA T E S ( I I  11.81105706 
C H I - S Q U A R E D  5.832759329 

P R O B A B I L I T Y  0.5594074321 
99 146 117 68 31 12 4 1 

DEGREES OF FREEDOM 5 
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PROB+NOR?!AL Z 
0 5  / 1 9 / 7 0  
CONFIDENCE CODE: C 
1 -ORIGIN INDEXING 
D H .  G .H .klCLAUGHLIiJ 
NEWHOUSE COIIf4UIiICAPIOAS CENTER, S Y R .  U N I V .  X2747 

NORIIAL COHPUTES THE CUilULATIVE PROCADILITY D I S T R I B U T I O N  
FUNCTION O F  A SYANDARDTZED BOR!IAL V A R I A B L E .  I T  USES A 
SIXTU-ORDER POLYNOilIAL APPBOXIT4ATION TAKEN FRO/! BASTINGS 

FOUR DECINAL PLACES IN THE RANGE -4 < L  4.  
~ . P P i ? O X . Z ~ l A T I O i l ~  PQz cQ/PQTEJS W H I C H  I S  ACCURATE TO AT LEAST 

2ESULTANT - PROi.3: 

I S  A VECTOR OF P R O B A B I L I T I E S  CORRESPONDIl?G TO THE 
VALUES OF 2 . 

.;ZIGHT ARGUilENT - 2: 

MUST BE A SCALAR OB A VECTOR OF 2 VALUES 

FUNCTION OUTPUT: 

RESULTANT P 8 0 B  ONLY 

Q I;'Oi7--1AL [ -1 1 V 
V PKOB+lJORi4AL Z ; C  

C11 C+ 0 . 0 4 9 8 6 7 3 4 6 9 7  0 . 0 2 1 1 4 1 0 0 6 1 5  0 . 0 0 3 2 7 7 6 2 3 2 4  
3 . 8 0 0 3 5 7 5 E - 5  4 . 8 8 9 0 6 3 5 6 4 E - 5  5 . 3 8 2 9 7 5 E - 6  
PROD+( ( 2  < 0 )  X l - C )  +(  2 2 O ) x C + l -  0 . 5  X (  1++/ ( ( ( p Z ),6 ) p C )  X (  I L ) O  *I 
6 ) * - 1 6  

jtPij. i;R 3 - >  . 1 7 

[ 23 

V 
YU- l 'AHL 0, 14 

0 . 5  0 . 0 4 1 3 4 4 6 7 3 6  0 . 9 7 7 2 4 9 7 3 0 7  0 . 9 9 8 6 5 0 1 8 6 1  0 . 9 9 3 9 6 3 2 1 0 9  

NOi?liAL - 0 ,  I 4 
0 . 5  0 . 1 5 8 6 5 5 3 2 6 4  0 . 0 2 2 7 5 0 2 6 9 2 9  0 . 0 0 1 3 4 9 8 1 3 9 2 9  3 . 1 7 8 9 1 0 0 3 7 E - 5  
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X t C  NORMPIT OB 
0 6 / 0 5 / 7 0  
CONFIDENCE CODE: C 
1 -ORIGIN INDEXING 
DR. G .  H .MCLAUGHLIN 
NEVHOUSE COMMUNICATIONS CENTER, S Y R .  U N I V .  X2747 

FOR A GIVEN FREQUENCY D I S T R I B U T I O B ,  NORMFIT OUTPUTS 
DESCRIPTIVE S T A T I S T I C S .  IT THEN CALCULATES THE RESULTANT 
NORMAL D I S T R I B U T I O N ,  THE M ' A N  AND VARIANCE OF M H I C H  ARE 
ESTIMATED FROM THE GIVEN D I S T R I B U T I O N .  THE OBSERVED 

NORMAL DISTRIBUTION BY THE CHI-SQUARED T E S T .  I F  hrECESSARY 
TO NEET THE REQUIREt4ENTS OF THE T E S T ,  THE FREQUENCY C L A S S E S  
ARE CONFLATED TO G I V E  A TOTAL O F  C L A S S E S .  N - 3  DEGREES 
OF FREEDOM ARE USED BECAUSE THE TNO ?ARA?IETERS OH THE NOBMAL 
D I S T R I B U T I O N  AND A SCALING FACTOR ARE ESTIMATED FRO11 THE 
OBSERVATIONS.  

DISTRIBUTION rs THEN TESTED FOB GOODNESS OP F I T  T O  T H E  

,'?ESULTANT - X :  
I S  THE VECTOR OF pOB NORMALLY DISTRIBUTED FREQUENCIES AT 
E I T H E R  THE UPPER CLASS  BOUNDS Qg THE C L A S S  Fi IDPOINTS,  
WHICHEVER I S  DEFINED BY C . 

LEFT ARGUMENT - C :  

MUST BE E I T R g B  A VECTOR OF LOWER C L A S S  BOUNDS, It1 
INCREASING ORDER, POLLOVED BY THE HIGHEST C L A S S  B O U N D ,  
QE A VECTOR O F  CLASS liIIDPOINTS I N  INCREASIPJG ORDER. 

RIGHT ARGUivlENT - O B :  

iVUST BE A VECTOR OP FREQUENCIES,  ONE FOR EACH C L A S S  
DEFINED BY C . 
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SUBFUNCTIONS REQUIRED : 

GST 

----------- DES CT: I P T I  0 B 

CALLED BY G S T A T I S T I C S  TO CALCULATE 
DESCRIPTIVE S T A T I S T I C S  FRO!! GROUPED 
DATA 

G ST AT I S T  I CS DISPLAYS D E S C R I P T I V E  S T A T I S T I C S  

C H I  

CHISQ 

NORMAL 

CALCULATES CHI-SQUARED,  USING A 
GLOBAL V A R I A B L E  ESTIr lATES  LJHICH 
I S  SET AUTOMATICALLY BY NORE4FIT 

CALLED BY CHI TO COMPUTE THE 
PROBABILITY  O F  GIVEN CHI-SQUARED 
AND D.P. VALUES 

CALCULATES THE P R O B A B I L I T Y  OP A 
NORNAL D E V I A T E ,  ilSING A SIXTH-ORDER 
POL YN OiIIA L A P PR 0 X I U A  T I O  iJ 

FUNCTION OUTPUT: 

I N  ADDITION 2'0 RETURNING THE RESULTANT,  NOR!IFIT P R I N T S  OUT 
THESE I T E M S ,  FULLY LABELLED: 
M E A N ,  S .E . ,  S .D.  AND NUMBER OF VALUES OP O B ;  
CALCULATED CHI-SQUARE,  I T S  DEGRTES OF FREEDOI!, AND I T S  
P R O B A B I L I T Y ,  GEiVERALLY ACCURATE TO AT LEAST TARSE F I G U R E S ,  

VN0RI:lFITCnI V 

Cl.1 S+C G S T A T I S T I C S  O B  
V X c C  NORMTIT 0 3 ; S ; E S T I M A T E S  

[: 23 
C3J Xc(X,S)-O,X+-lCXXS++/OB 

C 5 1  X C H I  OB 

X+NORMAL( ( ( ( p C )  t p O B ) S C )  -S[ 11 ) +Sc 21*0.5 

C4J ESTIMATES+ 2 2 2 

V 
TIElE 

24 48 60 72 78 84 90 102 114 138 

ORD 
5 13 13 14 17 12 1 5  7 4 

TI iSE  NORi.I"PIT ORD 
i;lEAN 79.11 
STANDARD ERROR 2.002114791 
STANDARD DEVIATION 20.021iW91 
NUMBER O F  VALUES 100 
CHI  -SQUARED 5.749666001 
DEGREES OF FREEDOM 6 
P R O B A B I L I T Y  0.6752496197 
6.010920492 10.98085459 19.13302896 11.66454929 11.85846989 

11.02752222 16.67877 8.576204911 4.069679633 



39 RANK HO W 
T+-RANI( V 
05/01/70 
CONFIDENCE CODE: C 
I - O R I G I N  INDEXING 
DR.G.H .NCLAUGHLIiV 
NEFlHOUSE COFIFIUNICATIONS CEIVTER, S Y R .  U Y I V .  X 2 7 4 7  

RANK CALCULATES THE RANK ORDER O F  A VECTOR O F  RAN SCORES AND 
THE NUMBERS OF T I E S  I N  THAT ORDERIPJG. 

RESULTANT - T :  

I S  A VECTOR, THE LAST pV MEiYBERS OF VHICH G I V E  THE RANK ORDER 
O F  V 
T C l l  I S  THE NUJIBER OF GROUPS OF T I E D  VALUES:  IF THERE ARE NO 
T I E S ,  T C I I  I S  0 . THE NEXT T C I I  iVVUI!BERS, I F  A N Y ,  APE THE 

,NUMBERS O F  VALUES I N  EACH T I E D  GROUP. 

RIGHT ARGUjdENT - V :  

MUST B E  A VECTOR, NHICH CAIJ CONSIST  OF ANY VALUES I N  ANY ORDER 

F U N C T I O N  OUTPUT: 

RESULTANT T ONLY 
gQz4- THE VARIOUS COFPONENTS OF T i'IAY BE PICKED OUT THUS:  
( l + T C l I ) + T  G I V E S  THE RANXINGS OP V 
T C l l  G I V E S  THE NUMBER OF T I E S  
( O * T C l I ) + ( l + T C 1 1 ) + T  G I V E S  THE NUMBER O F  VALUES IN EACH T I E  

VflANKCClIV 
D T+RANK V ; Y ; W ; R ; S ; X ; K  

11 W+bY+VCR+hVI 
C 2 1  K+l+T+O 
c 3 1  + ( A / R = + B V ) / E N  
E 4 1  S+RCpR+ipVl  

CSl T+T,pX+X/XxR 
C '7 1 
[: 8 1 
c 9 3 
c 1 0 1 EN : T+T,  W C  4 b V I  

c 51 Li :X+YEYCKj 

WC K 3 +Xp + / WC K+K +-1+ I XI i. X+p , X 
+( S ?K+KC p K I  t I 1 / L 1 
T+( pT 1 ,  T+( l < T  ) / T  

V 

RANK 5,5,8,19 
2 3 2 6 6 10.5 1 2 3 4 6 8 9 10.5 12 



40 RHOHOV 
R+X RHO Y 
0 6 / 0 5 / 7 0  
CONFIDENCE CODE: C 
1 - O R I G I N  I N D E X I N G  
DR.G. H.MCLAUGHLIN 
IJEVHOUSE COiYML'NICATIONS C E N T E R ,  S Y R .  U N I V ,  X 2 7 4 7  

RHO CONPUTES THE SPEARFlAJl RANK CORRELATION C O E F F I C I E N T  
CORRECTED FOR T I E S .  I T  ALSO E V A L U A T E S  THE P 8 O B A B I L I T Y  OF 
T H E  OBSERVED RHO VALUE BY JIEANS O F  A O N E - T A I L E D  T T E S T .  
I F  E I T H E R  ARGUMENT HAS FEWER THAN 10 V A L U E S ,  T H E  S I G N I F I C A N C E  
OF RHO I S  B E T T E R  DETERIlINED FROM T A B L E S  CE.G.  I N  S I E G E L ' S  
&2K-ZB&l2ZTRIC S242LSgLcS3. 

R E S U L T A N T  - R :  

I S  A 2-COLUMN MATRIX G I V I N G  THE RANK ORDER O F  THE L E F T  
ARGUMENT ON THE L E F T ,  AND THE RANK ORDZR O F  THE R I G H T  
ARGUIdENT ON T H E  R I G H T .  

L E F T  ARGUMENT - X :  

MUST BE A VECTOR O F  SCORES 

R I G H T  ARGU:dEWT - Y: 
MUST B E  A VECTOR OF SCORES.  p X  XUST EQUAL pY.  

SUBFUNCTIONS R E Q U I R E D :  

RANK RANK ORDERS THE ARGUNEFNTS AND 
CALCULATES THE NUPfBER OF T H E  VALUES 

F R A T I O  P E R F O R M  A T - T E S T  

I N  A ~ ~ ~ T I C 7 ~ 1  T O  T-YE A?ESULTA?lT, -?.?lo OUTPUTS T H E  VALUES 
L A B E L L E D  
RHO: 
T :  
P R O B A B I L I T Y :  
HOWEVER, I F  RHO I S  1 OR -1 , THE T S T A T I S T I C  AND 
THE P R O B A B I L I T Y  ARE NOT G I V E N .  



41 
VRHO C 01 V 

Q R t X  RHO Y ; l J ; N X ; N Y  
C11 + ( ( p X ) s N + p Y ) l L A  
C 2 1  X+RANK X 
C 3 1  Y t R A N K  Y 
C 4 1  
C 5 J 

N X 4  OtXC 13 ) + (  l + X C l I  1 +X 
N Y+( 0 sY C 1 1 + ( 1 +Y c 1 1 ) + Y 

[ S I  N X + ( R + (  ( N * 3 ) - N ) + 1 2  )-t/( ( F l X * 3 ) - N X ) + 1 2  
[ 7 ]  NY+R-+/(  ( N Y * 3 ) - N Y ) + 1 2  
C 8 1  R++/ ( ( X+( 1 + X [  1 1 ) + X  ) - ( Y+( 1 +Y c 1 1 ) +Y 
C 9 ]  'RHO: ';R+(NX+NY-R)+2x(NXxNY)*O.5 

[ 111 ' T :  ' ;R+Rx( ( N - 2 ) + l - R * 2 ) * O e 5  
C 1 2 1 ' PROBAF3ILITY; ' ; 0.5xFl lATIO 1 ,  ( N - 2  ) ,R*2 

* 2 

C l 0 3  - + ( l = I R ) / E N  

C 1 3  1 EN :l?+Q( 2 , N )  p X,Y 
C 1 4 1  +O 
C 1 5 1  L A :  'SAMPLE S I Z E S  UNEQUAL: TRY AGAIN'  

V 

Y I E L D  
0 0 1 1  3 4 5 6 7 8 8 1 2  

S T R I V E  
4 2  46  3 9  37  6 5  8 8  86 56  6 2  9 2  5 4  8 1  

Y I E L D  RHO S T R I V E  
RHO: 0 . 6 1 5 1 2 2 ' 7 8 5 2  
T :  2 . 4 6 7 1 6 3 5 6  
PROBABILITY: o. 0 1 5 9 8 4 8 6 a 7 a  

1 . 5  
1 . 5  
3 . 5  
3 . 5  
5 
6 
7 
8 
9 

1 0 . 5  
1 0 . 5  
1 2  

3 
4 
2 
1 
8 

11 
10 

6 
7 

1 2  
5 
9 

Y I E L D  RIiO S T R I V E ,  1 0 0  
SAMPLE S I Z E S  UNEQUAL: TRY AGAIN 

( 8 , 7 , 6 )  RHO 13 
dHO: -1 

3 1  
2 2  
1 3  
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L I T  
0 6 / 0 5 / 7 0  
CONFIDENCE C O D E :  C 
1 -ORIGIN INDEXING 
DR .G . H .MCLAUGHLIN 
NEPHOUSE COr'lPIUNICAT'IONS CENTER,  S Y R .  U N I V .  X 2 7 4 7  

L I T  I S  A CONVERSATIOPJAL FUNCTIO€J U S E D  TO PREPARE Ar'JD/OR 
CORRECT A LENGTHY CHARACTER VECTOR, N H I C H  CAN BE USED 
A S  AN ARGUMENT BY THE FUNCTIOfJ TAB TO PROVIDE ROW LABELS  
FOR A TABULATION,  EACH CHARACTER S T R I N G  iJHICH I S  TO 
P R I N T  A S  A L I N E  TERI"IINATES VITH TIRE CHARACTER. 

INPUT AT EXECUTION T I N E :  

L I T  CAN BE USED TO EDIT AN ORDINARY CHARACTER ? l A T R I X ,  
BUT A VECTOR TO BE EDITED iiUST HAVE COIVSTITUENT S T R I N G S  
T E R N N A T I N G  MITH 0 . 

FUNCTIOiV OUTPUT: 

THE ( I M P L I C I T )  RESULTANT WILL  ALVAYS BE A VECTOR. THE 

VECTOB. TO S T A R T ,  TYPE L I T .  
USE O F  L I T  CAN BEST BE UNDERSTOOD BY PREPARIiVG A T R I A L  



43 V L I T C  01 V 
V L I T ;  J ; K ; L ; S ;  P ;  Q ; R ;  T ;  V ; L ; g ; _ V  

C11 ' T O  S K I P  D E T A I L E D  I N S T R U C T I O N S ,  T Y P E  1 ; OTUERWISE T Y P E  0 '  
C21 + ( P + U ) / P D  
C31 ' A N  E X I S T I N G  CHARACTER VECTOR CAN BE E D I T E D  ONLY I F  I T  P A S '  
C Y 1  ' P R E P A R E D  USING L I T . '  
CS1 P D : ' T O  E D I T  AN E X I S T I N G  A R R A Y ,  T Y P E  I T S  NAPYE. OTHERWISE T Y P E  0 '  
C 61 
C71 v4,(-2 - 1 ) 4 ( ( i + R C 2 1 , R C i l ) ~ ( ~ C i l p ~ ~ ~ ) , ~ v  
C83 + ( P , - P ) / P F , R F  
C9l G 0 : ' P R E S S  RETURN KEY AFTER T Y P I N G  EACH S T R I N G  OF CHARACTERS'  
ClOl 'WHICH I S  TO P R I N T  A S  A L I N E .  I P  Y O U  SPOT AN ERROR REFORE' 
C113 ' P R E S S I N G  THE RETURN K E Y ,  BACKSPACE TO THE E R 9 0 R ,  P R E S S  T H E '  
C121 'ATTENTIOIV KEY AND RETYPE CORRECT E N T R I E S  FROIT THAT P O I N T .  ' 
C 131 ' O T H E R  CORRECTIONS CAlV 3 E  JADE L A T E R .  ' 
E141 ' I F  AN ERROR S I G N A L  A P P E A R S .  T Y P E  +EN' 
C151 P N : ' A F T E R  A L L  E N T R I E S  HAVE BEEN FIADE, T Y P E  I' 
C 1 6  1 V+p i:+L+O 
C 171 E N :  +( &+( l I 1 t T C p T + , U l )  /LW 
c 1 8 1  

C201 +&/EN 
C211 V E : + P / P F  
c 221 R F :  ' T O  MAKE CORRECTIONS OTHER THAN T H E  A D D I T I O N  OF E N T R I E S  A T '  
E231 ' T H E  END O F  T H E  V E C T O R ,  YOU MUST R E F E R  TO EACH ENTRY COIIICERNED' 
E241 ' B Y  I T S  ENTRY NUMBER.' 
c25l P F : ' F O R  A NUMBERED L I S T  OF E N T R I E S ,  T Y P E  1 ; O T H E R V I S E  0' 
C261 Qtcf 
C 271 NW: J + I  ( p L + O ,  L / L X x p L + V €  ' 0 ' )  -K+ l  
C 28 1 
C291 P R : : ( ; '  ' , V C L C K I + I L C K + ~ I - L C K I + ~ I  
c 301 
C 311 
C 3 2 1 C R :  ' I F  ,N S Y M B O L I S E S  AN O R I G I N A L  ENTRY , AND ' 
C331 'I& S Y i I B O L I S E S  I T S  ENTRY NUiIBER, T O - '  
C34I ' - I N S P E C T  a ,  T Y P E  I,gQ' 
C351 ' - S U B S T I T U T E  A NEW ENTRY TOR a ,  T Y P E  2,NQ P R E S S  RETUgN K E Y '  
C361 ' AND T Y P E  THE S U B S T I T U T E  E N T R Y '  
C371 ' - D E L E T E  1, T Y P E  3,IJ"e' 

C391 ' AND T Y P E  ONE OR iIORE E X T R A  E N T R I E S ,  P R E S S I N G  RETURN K E Y '  
C401 ' A F T E R  EACH; WHEN A L L  EXTRA E N T R I E S  HAVE BEEN .VADE T Y P E I '  
C41I ' -ADD E N T R I E S  A F T E R  T H E  L A S T  ,N, T Y P E  5 AND PPOCEED A S  FOR 4' 
c42l ' - O B T A I N  A NEM L I S T  O F  NUiLIBERED E N T R I E S ,  T Y P E  6 '  

+( ( ( - P ) x - S ) ,  ( P X - S )  , (SX-P) , PxS+O=pl?+p V+!3) / R F ,  P F ,  G O ,  PN 

-4 O=p , T+-1 ST 1 / V E  
C 191 L N :  ' L I N E  ' ; I ( ;  ' CHARACTERS: ' ; p T ;  ' T O T A L :  ' ; ( p  V + V , T ,  ' 0 ' )-X+K+1 

+( ( P x - Q ) ,  ( - P I  x - Q )  / P C ,  CR 

-+( ( p L  )>K+.K+l ) / P R  
+( ( S = 6  1 , P x S ; : 6  )/SW,PC 

~ 3 a 1  ' - I N S E R T  ENTRIES BEFORE N ,  TYPE 4 , & ~  PRESS R E T U R J ~  K E Y '  

C431 ' ( S U C H  A L I S T  I S  NEEDED TO CORRECT P R E V I O U S  C O R R E C T I O N S ) '  
c441 ' T H E S E  O T E R A T I O N S  WAY BE PERFORiIED, I N  ANY ORDER,  A S  OFTEN AS '  
c451 ' N E C E S S A R Y .  TO COWTIWUE I F  AN ERROR I S  S I G N A L E D ,  T Y P E  +Si?' 
C 461 P C :  'NHEN CORRECTIONS A R E  ALL ECZE, I"i'r"E 7 ' 



, 
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V L I T C O 4 7 l V  

C 4 7 1  SW: +( ( S = 5  ) , ( S=6 1 , ( ( O = P ) x ' l = S  1 ( l = P )  x7=S+( T+, 0 C &+ll 1 / I N ,  NW,OU, PT 
C 4 8 1  K+JCR+TTC213 
C 4 9 1  
C 5 0 1  S E :  V C L C K I + i L C K + l I  - L C K l + l l  
C 5 l l  +SW 
c 5 2  1 SB: V+( LCKl  t v )  ( T 4 )  , ( LC K+11-1) .t v 
C 5 3 J 
C 5 4 1  DL: V+( L C K l f V ) , L C K + l I S V  
C 5 5 1  L + ( K t L ) ,  ( ( K + l ) S L ) - L C K t 1 I - L C K I  
C 5 6 1  
C 5 7 1  IN:Y+p&+h+O 
C S 8 1  4N:~(B+( ' i ' )~rCpr+ ,~I ) /&N 
C 5 9 1 
E603  & @ : ' E X T R A  LIiVE ';&;' CHARACTERS: ' ; p T ; '  T O T A L :  ' ;LCpL+H,pP+-Y9T 

-+( ( S = 1 ) ,  (S=2 ), ( S = 3  1, S=4)/SE, S B , D L ,  IN 

+SV, L C K+ 1 ( p L ) -Kl+L [: K t I ( p L - X I  + ( p T -L C K+ 1 1 - L C K1+ 1 

+SW, JCRI+JCR+R+ 1 ( p J -83 - 1 

I; ( 0 = p  , T+-1 ST /,v_E 

, ' o ' l - g + & + l  
C 6 1 1  +.&/EN 
C 6 2 1  EE:+(S=S)/AD 
c631 V + ( L [ K l f V ) , J ! , L [ K j + V  
[ 6 4 ]  L t ( ( K - l ) f L ) , ( L + L C K I > , ~ C p ~ I + , ~ ~ L  
[ 6 5 ]  + S W , J + ( ( R - l ) ~ J ) , ( n - l ) S ~ + ~  
C 6 6 1  A D : V 4 V , V  
C 6 7 1  L+L,  L c p  L1+1+& 
C 6 8 1  ~ S W , J + J , J C p J ] + i ( p h ) - l  
C 6 9 3  0U:'TO S A V E  THE VECTOR V JUST PREPARED, TYPE A NAME FOR I T '  
C 7 0 1  'FOLLOWED 3 Y  +V THUS:  EXAidPLEcV' 
E711 'THEN PRESS  THE RETURN K E Y ,  AND TYPE + ' ; 3 + 1 2 6  
C 7 2 1  ' F I N A L L Y ,  PRESS  THE RETURN KEY AND T Y P E  ) S A V E '  
C 7 3  1 P T :  S A L I T + l  +I 26  
C 741 L+J+V+i 0 



45 L I T  
TO S K I P  DETAILED INSTRUCTIONS,  T Y P E  1 ; OTHZRWISE T Y P E  0 
0 :  

1 
TO E D I T  AN E X I S T I N G  A R R A Y ,  TYPE I T S  NAME. OTHERWISE T Y P E  0 
0 :  

AFTER A L L  E N T R I E S  HAVE BEEN MADE, TYPE I 
TWO 
L I N E  1 CHARACTERS: 3 TOTAL:  3 
THREE 

THREE 
L I N E  3 CHARACTERS: 5 TOTAL:  13 
FOUR 
L I N E  4 CHARACTERS: 4 TOTAL:  17 
ANOTHER ERROR 
L I N E  5 CHARACTERS: 1 3  TOTAL:  3 0  
S I X I  
L I N E  6 CHARACTERS: 3 TOTAL:  33 
FOR A NUMBERED L I S T  O F  E N T R I E S ,  T Y P E  1 ; OTHERWISE 0 
0 :  

1 TWO 
2 THREE 
3 THREE 
4 FOUR 
S ANOTHER ERROR 
6 SIX  
MHEN CORRECTIONS ARE A L L  DONE, T Y P E  7 
0 :  

ONEL 
EXTRA L I N E  1 CHARACTERS: 3 TOTAL:  3 
0 :  

0 :  

ANOTHER ERROR 
0 :  

F I V E  
0 :  

0 

L I N E  2 CHARACTERS:  5 T O T A L :  a 

1 

431 

393 

1,s 

2 , s  

SEVEN 
EXTRA L I N E  1 CHARACTERS: 5 TOTAL:  5 
EIGHT 
EXTRA L I N E  2 CHARACTERS: 5 TOTAL:  10 
1 
0 :  

7 

L I T C 7 4 1  
L A B E L S t V  
) S A V E  

+74 
LABELS 

16.25.10 06/09/70 FUNCTIONS 

ONEoTWOoTHREE~FOUR~FIVEoSIX~SEVENoEIGHTo 



N U M H O V  46 

N UM 
0 6 / 0 5 / 7 0  
CONPIDEACE CODE: C 
I - O R I G I N  INDEXING 
DR.G .B.MCLAUGULIN 
NEElIiOUSE COI4iIUNICATIONS CEIITER, S Y R .  U N I V .  X2747 

N U M  I S  A CONVERSATIONAL FUNCTION VHICH A S S I S T S  THE USER 
TO PHEPARE AND/OR CORRECT A LENGTHY NUMERICAL VECTOJ?. 
THE INPUT(  S 1 CAN BE SCALARS,  VECTORS,  OR l!ATTRIXES. 

FUNCTION OUTPUT: 

THE ( I M P L I C I T  1 RESULTANT MILL ALVRYS  B E  A VECTOR, VHICH 

C A B  BEST BE UNDERSTOOD BY PREPARING A T R I A L  VECTOR. 
TO S T A R T ,  TYPE N U M .  

CAW O F  COURSE BE RESHAPED AS A i!ATRIX.  THE U S E  Or' N U U  



V N U N  0 I V 
V N U M ;  J ;  K ;  S ;  P ;  Q ; R  ; T ;  V 

47 

C11 ‘ T O  S K I P  DETAILED INSTRUCTIONS,  T Y P E  1 ; OTHERWISE T Y P E  0’  
c 2 1  P+O 
1 3 1  ’ T O  EDIT AN E X I S T I N G  ARRAY,  T Y P E  I T S  NAME; OTBERWISE T Y P E  * 9 ’  
I: 4 1  
C51 V+iK+O 
C61 +P/PN 
C71 ‘ T Y P E  E N T R I E S  WITH A SPACE OR COMMA BETWEEN EACH. AN ENTRY CAN‘ 

4 ( Q x - P ) ,  P x & + (  *9 V+,g )I: 1 +S+Ol)  / R F ,  PF 

C 01 ’ B E  AN I N D I V I D U A L  VALUE OR AN ARRAY.  P R E S S  THE RETURN KEY‘ 
C91 ‘BEFORE THE TYPEBALL REACHES THE RIGHT MARGIN. I F  YOU SPOT AN‘ 
C l O l  
El11 ’ P R E S S  THE ATTENTION KEY,  AND RETYPE CORRECT E N T R I E S  FROM THAT‘ 
C 1 2 1  ’ P O I N T .  OTTHER CORRECTIONS CAN BE MADE LATER.‘  
El33  ’ I F  AN ERROR S I G N A L  APPEARS,  T Y P E  +EN‘ 
E141 PN:  ‘AFTER ENTERING A L L  VALUES,  T Y P E  THE THREE SYMBOLS , * 9 ’  
C 15  1 EN : V+V, ( -Q+TC P T I  =* 9 +T+,O 
C l S I  ’ L I N E  ‘;K+K+l;’ EIVTRIES: ‘ ; ( p T ) - Q ; ’  T O T A L :  ’ ; p V  
c 1 7 1  - + ( - & ) / E N  
C181 -+P/PF 
[ I 9 1  R F : ’ T O  MAKE CORRECTIONS,  YOU MUST REFER TO EACH VALUE CONCERNED‘ 
C 2 0 l  ‘ B Y  THE ORDINAL NUMBER OF I T S  ENTRY.  ’ 
E213 P F : ’ F O R  A NUMBERED L I S T  OF E N T R I E S ,  T Y P E  1 ; OTHERVISE 0’  
c 2 2 1  &+El 
C231 NW:J41pV 
C241 ~ ( ( p x - Q ) a ( - P ) x - Q ) / P C , C R  
C 2 5 l  Rc5lpV 
C26I  1 3 2 B 3 1 2 f p ( 2 , ( t ( p V ) t S ) , S ) p ( ( - ~ ) S J ) , ( - R ) S V  
C 27 1 
[: 281  
C291 C R : ’ I F  @ SYMBOLISES ONE O F  YOUR ORIGINAL E N T R I E S ,  AND’ 
C 301  ‘EQ SYMBOLISES I T S  ENTRY NUMBER, TO-’  
C311 ‘ - I N S P E C T  a ,  TYPE 1, ,Ne‘ 
C321 ‘ - S U B S T I T U T E  A NEK ENTRY FOR r J ,  TYPE‘  
c 3 3 1  ’ 2,_NQ,THE SUBSTITUTE ENTRY ‘ 
C341 ‘ -DELETE 8 ,  TYPE 3,iJQ‘ 
C351 
E361 ’ T Y P E  b,EQ,  EXTRA ENTRIES‘  

C381 ’ - O B T A I N  A NEW L I S T  O F  NUMBERED E N T R I E S ,  T Y P E  6 ’  
C391 ’ ( S U C H  A L I S T  I S  NEEDED TO CORRECT PREVIOUS CORRECTIONS)’  

C411 ‘NECESSARY.  TO CONTINUE I F  AN ERROR I S  S IGNALED,  TYPE +SW‘ 
C421 PC:’WHEN CORRECTIONS ARE ALL DONE, T Y P E  7’ 

C 4 4 1  
C 45 I 
E 4 6 1  SE:VCKI 
C471 +SW 
c 4 8  I S B  : +SW, VC Kl+TC 3 I 
i493 DL: v4( ( K - l ) + V )  , K + v  
C5OI - t s W , J C R I + J C R t R + ~ ( p J ) - H ] - I  

C 5 2 1 I N  : V+( ( K- 1 f V I  , ( T+2 +T ) , ( If- 1 ) + V 
C531 +SW,JCRl+JCR+RtO,\(pJ)-RJtp!?’ 
[ 5 4 ]  0 U : ‘ T O  SAVE THE VECTOR V JUST PREPARED, T Y P E  A NAME FOR I T ‘  
C551 ’FOLLOWED BY +V THUS: EXAMPLEcV’ 
C561 ‘THEN PRESS  THE RETURN KEY,  AND T Y P E  +‘;3+126 
C571 ’ F I N A L L Y ,  PRESS  THE RETURN KEY AND T Y P E  ) S A V E ’  
C 5 8  1 P T :  ShNUW+l +I 26 
C 5 9 3 

‘ERROR BEFORE PRESSING TBE RETURV K E Y ,  BACKSPACE TO THE ERROR’ 

( 2 ,R ) p  ( ( -R 1 +J 1, ( -8 1 t V  
+( ( S = 6 )  . P x S t 6  ) / S W , P C  

‘ - I N S E R T  ONE OR MORE SUCCESSIVE EXTRA E N T R I E S  BEFORE a , ‘  
C37I ‘ -ADD E N T R I E S  AFTER THE LAST 8 ,  T Y P E  5 ,  EXTRA E N T R I E S ’  

C401 ‘THESE OPERATIONS MAY %E PERFORMED, IN ANY ORDER, A S  OFTEN AS’  

I: 43  I SW: +( ( S=5 ) 9 ( S =  6 1 , ( 7=P+S 1 9 0=P+S+( T+* (3) C Q+l I ) / A D ,  N W ,  OU, PT 
K+JC R+T C 2 3 1 
+(( S=l) , ( S = 2  1, (5=3) ,S=4 )/SE , S B ,  D L ,  IN 

C 51 3 AD +SW, V+V 9 T + l  +T 

J W + \  0 
D 



48 . NU;$ 
T O  S K I P  D E T A I L E D  I N S T R U C T I O N S ,  T Y P E  1 ; O T H E R N I S E  T Y P E  0 
0 :  

T O  E D I T  AN E X I S T I N G  A R R A Y ,  TY?E I T S  NAME; O T H E R P I S E  T Y P E  *9 
D: 

T Y P E  E N T R I E S  W I T H  A S P A C E  OR COMl4A BETWEEN EACH.  AF? ENTRY CAN 
BE AN I N D I V I D U A L  VALUE OH AN A R R A Y .  P R E S S  T H E  RETURN KEY 
BEFORE T H E  T Y P E B A L L  REACHES THE R I G H T  MARGIN.  I F  YOU S P O T  AN 
ERROR BEFORE P R E S S I N G  T H E  RETURN K E Y ,  BACKSPACE TO THE ERROR 
P R E S S  THE A T T E N T I O N  K E Y ,  AND RETYPE CORRECT E N T R I E S  r'RO11 T H A T  
P O I N T .  OTHER CORRECTIONS CAN B E  IIADE L A T E R .  
I F  AN ERROR S I G N A L  A P P E A R S ,  TYPE +EN 
A F T E R  E N T E R I N G  A L L  V A L V E S ,  T Y P E  THE THREE SYMBOLS , * 9  
3 :  

L I N E  1 E N T R I E S :  3 T O T A L :  3 
T O  MAKE C O R R E C T I O N S ,  YOU MUST REr'ER TO EACH VALUE COWCBRhrED 
BY THE O R D I N A L  NUMBER OF I T S  ENTRY.  
F O R # A  NUMBERED L I S T  OF E N T R I E S ,  T Y P E  1 ; O T H E R V I S E  0 
il: 

I F  E S Y M B O L I S E S  ONE O F  YOUR O R I G I N A L  E N T R I E S ,  A N D  
UQ S Y M B O L I S E S  I T S  ENTRY IVUMBER, TO- 
- I N S P E C T  iV, T Y P E  1, ,NO 
- S U B S T I T U T E  A NEW ENTRY FOR e, T Y P E  

2 ,&Q.THE S U B S T I T U T E  ENTRY 
- D E L E T E  A?, T Y P E  3,rJQ 
- I N S E R T  ONE OR MORE S U C C E S S I V E  EXTRA E N T R I E S  BEFORuP E ,  

0 

* 9  

11 22 33,*9 

0 

T Y P E  4,_NQ, E X T R A  E N T R I E S  
-ADD E N T R I E S  AFTEL! THE L A S T  N, T Y P E  5, E X T R A  E N T R I E S  
- O B T A I N  A NEW L I S T  OF IJU!4BERED E N T R I E S ,  T Y P E  6 

T H E S E  O P E R A T I O N S  MAY BE PERFORFIED, IIJ ABY O R D E R ,  A S  OFTEN AS  
N E C E S S A R Y .  TO CONTINUE I F  AN ERROR I S  S I G N A L E D ,  T Y P E  +SV 
WHEN C O R R E C T I O N S  ARE A L L  DONE, T Y P E  7 
U: 

a :  

( S U C H  A L I S T  I S  NEEDED TO CORRECT PiZEVIOLrS C O R R E C T I O B S )  

4 , ~ o  

6 

1 2 3 Y 
0 11 22 33 

13: 

TO S A V E  T H E  VECTOH V JUST PREPARED, T Y P E  A NAME F0.R I T  
FOLLOWED BY t V  T H U S :  EXAi$IPLE+V 

F I N A L L Y ,  P R E S S  THE RETURN KEY A N D  T Y P E  ) S A V E  

7 

THEN ?&?ESS THE RETK?A K E Y ,  rll"v'L: TYPE -t5 9 

N U M C  5 9 3 
1:9AT+-V 
) S A V E  

+59 
JIAT 

16.15.22 06/09/70 FUNCTIONS 

0 11 22 33 
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TO S K I P  DETAILED II fSTRUCTIONS,  TYPE 1 ; OTHERWISE TYPE 0 
0 :  

1 
TO EDIT AN E X I S T I N G  ARRAY,  TYPE I T S  NAME; OTHERbIISE TYPE 
a: 

*9 

MAT 
FOR A NUMBERED L I S T  OF ENTRIES,  TYPE 1 ; OTHERWISE 0 
a: 

1 

1 2 3 4 5  
2 3 3 4 9  

0 :  

9 
0 :  

0 :  

0 :  

a: 
a :  

6 
6 

WHEN CORRECTIONS ARE ALL D O N E ,  TYPE 7 

N UMC 5 9 3 
MAT+V 
)SAVE 

+5 9 
MAT 

16.23.08 06/09/70 FUNCTIONS 

1 2 3 4 5 6 7 8 9  
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L T A B  M 
06/09/70 
CONFIDENCE CODE: C 
1 - O R I G I N  INDEXIIVG 
DR .G.  H .MCLAUGHLIN 
NEWHOUSE COMh'UNICATIONS C E B T E R ,  SYR .  U N I V .  X2747 

T A B  P R I N T S  OUT A NUf4ERICAL T A B L E  K I T H  CENTERED H E A D I N G S ,  
ROW L A B L E S  AND A C A P T I O N  A S  R E Q U I R E D .  BECAUSE THE OUTPUT 
I S  MIXED I T  CANNOT BE S A V E D ,  BUT I T  I S  OFTEN MORE 
ECONOMICAL TO S A V E  THE ARGUMENT OF T A B  S E P A R A T E L Y  AND 
O B T A I N  AN OUTPUT USING T H I S  PUWGTION THAN TO S A V E  T H E  
IMAGE OF AN E N T I R E  T A B L E  ( V H I C H  I N V O L V E S  CONVERTING A L L  
NUMBERS T O  CHARACTER S T R I N G S ,  THUS U S I N G  A LOT OF CPU 
T I M E  AND W O R K S P A C E ) .  THE ARGUMENTS MAY BE PREPARED 
U S I N G  THE FUNCTION T A B L E  OR I T S  SUBFUNCTIONS L I T  ( F O R  
THE MANDATORY PART OF L 1 AND NUM (!."ICH OUTPUTS A 
VECTOR T H A T  CAN BE RESHAPED I N T O  I d  1. 

L E F T  ARGUMENT - L: 
MUST B E  FORMED BY CATENATING CHARACTER V E C T O R S  I N  T H I S  
ORDER 
1. A MANDATORY VECTOR O F  OWE OR idORE CATENATED HEADIIVGS 
EACH C O N S I S T I N G  0% A VECTOR ENDING WITH A. 
2 .  A MANDATORY VECTOR OF ( p V 1 C 1 1  CATENATED ROW L A B L E S  
EACH C O N S I S T I N G  OF A VECTOR ENDING WITH 0 . 
3 .  AN O P T I O N A L  VECTOR WHICH FORMS A C A P T I O N  A T  THE 
FOOT OF T H E  T A B L E  AND MAY INCLUDE C A R R I A G E  RETURIVS. 

R I G H T  ARGUidEHT - M :  

MUST B E  A NUMERICAL EfATRIX 

FUNCTION OUTPUT: 

THERE I S  N O  R E S I J L T A N T ,  SUCCESSIVE L I E E S  OF T i i E  OUTPUT 
C O N S I S T  0 F 
1. H E A D I N G S ,  EACH B E I N G  THE CHARACTER S T R I N G  PRECEDING 
A h I N  T H E  L E F T  ARGULVENT 
2 .  ROW L A B L E ,  B E I N G  THE CHARACTER S T R I N G  PRECEDING THE 
F I R S T  0 I N  T H E  LEFT ARGU?fENT'. 
3 .  ROW OF THE NUMERICAL MATRIX 
4. FURTHER A L T E R A T I O N S  OF 2 AND 3 
5 .  O P T I O N A L L Y ,  A CAPTION 



( A O N E  0TMOo THREE 0 ) TAB ( 3,4 p i 1 2  

ONE 
1 

5 

9 

T rdo 

THREE 

2 

6 

1 0  

3 

7 

11 

( l A o o o ~ r )  T A B  X1-20 

6 9 . 1 1 5 0 3 8 3 8  9 1 . 1 0 6 1 8 6 9 5  1 5 . 7 0 7 9 6 3 2 7  

1 6 3 . 3 6 2 8 1 8  3 1 . 4 1 5 9 2 6 5 4  0 . 8 3 7 4 5  

1 8 . 8 ~ 5 5 5 9 2  0 1 8 . 8 4 9 5 5 5 9 2  

8 4 . 8 2 3 0 0 1 6 5  3 7 . 6 9 9 1 1 1 8 4  -5 

51 

4 

8 

1 2  

THERE IJAY BE SO,.IE ilISALIGNi~ER7TS Ir' THERE A R E  LARGE 

V A R I A T I O N S  A R E  G R E A T ,  THE r!ATRIX V I L L  A P P E A R  IN 
V A R I A T I O N S  ILll i1AGNITUDE V I T H I N  THE ;fATTRIX. I,? THE 

E X P O N E N T I A L  FOBrI .  
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TABLEHO W 

T A B L E  
0 6 / 0 8 / 7 0  
CONFIDENCE CODE: C 
I - O R I G I N  I N D E X I N G  
DR. G.  R.MCLAUGHLIN 
NEVHOUSE COMMUNICATIOBS C E N T E R ,  SYR. U N I V .  X2747 

T A B L E  I S  A CONVERSATIONAL FUNCTION WHICH H E L P S  T H E  U S E R  T O  
PREPARE A NUMERICAL TABULATION GJITH CENTERED H E A D I N G S ,  ROW 
L A B E L S ,  AND A CAPTION A S  R E Q P I R E D .  I T  THEN P R I N T S  OUT THE 
T A B L E  U S I N G  T H E  SUBFUNCTION T A B  . T H E  U S E  OF T A B L E  I S  
B E S T  UNDERSTOOD BY I N S P E C T I N G  A D I S P L A Y  OF THE FUNCTION.  

FUNCTION OUTPUT: 

T H E  OUTPUT I S  THAT O F  T A B  . SEE TABHOW. 

V T A B L E C 0 3 V  
V T A B L E ;  V ; R R  ; Q;i,l;  L ; L 1 ;  T ;  K ;  C 

' T H I S  FUNCTION P R I N T S  OUT A NUMERICAL MATRIX W I T H  CENTERED M A I N '  C 11 

c23 
C33 
C41 ' R E Q U I R E D ,  T Y P E  0' 
C 51 +( 2=ppi!+O)/EM 
[SI ' Y O U  ARE ABOUT T O  USE THE FUNCTION N U M  T O  PREPARE A VECTOR V' 
c 73 

' A N D  COLUMN H E A D I N G S ,  ROW L A B L E S  AND A C A P T I O N  AS R E Q U I R E D . '  
' E N T E R  T H E  M A T R I X  QE, I F  A S S I S T A N C E  I N  P R E P A R I N G  THE MATRIX I S '  

'WHICH W I L L  B E  RESHAPED AS A M A T R I X  M .  ENTER THE NUMBER OF ROWS' 

C 8 3  
C93 
c 101 
Clll 
c121 
Cl31 
C 1 4 1  
c151 
C161 
c 1 7 1  

' R E Q U I R E D  I N  M' 
R R 4  
' E N T E R  THE NUMBER OF COLUMNS R E Q U I R E D '  
Q4 
'MAKE SURE YOU ENTER ';BRxQ;' ELE$!E?JTTS 2':; I' v . Lnxfin, WHEN 
'NUMC54I O R  NUIvlC591 I S  PRINTED O U T ,  T Y P E  M 4 V  THEN P R E S S  T H E '  
'RETURN KEY AND T Y P E  +59' 
SANUM+54 
N UM 
M+(RR , €2 )PM 
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C I S 1  EM: ' E N T E R  ELgH4& A VECTOR OF ' ; R R + ( p j ! ) C 1 1 ;  ' ROW LABLES EACH' 
[I91 'FOLLOWED BY A 0 SYMBOL QY 0 TO I N D I C A T E  THAT ROU LABLES  ARE '  
1 2 0 3  'NOT REQUIRED QB 1 T O  OBTAIN HELP' 

C 2 2 1  L&+( 2 x R R ) p  ' 0 

C 2 3 1  +HE 
C 2 4 1  N 0 : ' Y O U  ARE ABOUT TO U S E  THE FUNCTION L I T .  L A T E R ,  VHEN L I T C 6 9 1 '  
C 2 5 1  ' O R  L I T C 7 4 1  I S  PRINTED OUT, TYPE L&+Vt 
C 2 6 1  'THEN PRESS  THE RETURN KEY AND TYPE +74' 
I: 2 7 1  SL\LIT+69 
E 2 8 1  L I T  
C 291 HE: +( (pB+O,  ( LHE ' 0 ' ) / i p L & ) = l + R R )  / P R  
C 3 0 1  ' Y O U  HAVE ENTERED ' ; - l + p R ; '  LABLES FOR ' ; R R ; '  ROWS OF THE MATRI 

C311 ' T H E  FUNCTION L I T  W I L L  NOW HELP YOU TO CORRECT L & ,  THE' 
C 3 2 1  'VECTOR O F  ROW L A B E L S . '  
C 3 3 3  +NO 
C341 P R : ' T Y P E  ONE L I N E  OF HEADING, W H I C H  MUST BE N O  LONGER THAN THE'  
C351 ' I N D I C A T O R  BELOW. I F  I T  I S  SHORTER, THE HEADING W I L L  BE'  
C 3 6 l  'CENTERED AUTOMATICALLY I N  THE PRINTOUT. A HEADING CAN B E '  
C 3 7 1  ' SUBDIVIDED TO PROVIDE LABELS FOR I N D I V I D U A L  COLUMNS OR GROUPS' 
E 3 8 3  ' O F  COLUMNS ( T O  A S S I S T  IN T H I S ,  THE LENGT'H INDICATOR MARKS THE'  
C391 'END OF EACH COLUMN WITH V I .  TO LEAVE THE L I N E  BLANK, P R E S S '  
C401 ' T H E  SPACE BAR ONCE. AFTER MAKING YOUR ENTRY,  PRESS  THE RETURN' 
C411 'KEY AND TYPE ELzEga 1 0  TO TERMINATE Qn 1 TO ENTER A FURTHER' 
C 4 2 1  ' L I N E ,  ,OH L I  TO HAVE THE LENGTH INDICATOR TYPED OUT AGAIN '  
C431 'BEFORE YOU ENTER A NEW L I N E '  
C 4 4 1  
C 4 5  1 EN: K+K, ( ( r ( Q - p T )  * 2  )p ' ' 1, T+O, ' A  ' 
C 4 6 1  +(O<pU+,U) /EN 
C471 ' I F  A CAPTION I S  REQUIRED AT THE FOOT O F  THE T A B L E ,  T Y P E  1' 
E 4 8 1  'OTHERWISE 0 '  
C 4 9 1  +(-O)/PR 
[: 503 ' T H E  CAPTION,  WHICH WILL  NOT BE CENTERED AUTOMATICALLY,  MAY 
E 5 1 1  ' C O N S I S T  Or' A S  MANY LINES  A S  DESIRED.  P R E S S  THE RETURN KEY A T 1  
L 5 2 1  ' T H E  END O F  EACH L I N E ,  WHICH MUST BE N O  LONGER THAN T H I S '  
t 5 3 1 
C S 4 l  ' T O  TERMINATE TYPE I' 
C S S I  C A : + ( ( ' l ' ) * C C p C + C , '  

E 5 6 1  K+K,L&, - l+C 
C571 ~ p - C + t o  
C 5 0 3  'TO SAVE THE CHARACTER STRINGS ENTERED SO F A R ,  T Y P E  p-R FHERE' 
C 5 9 1  ' 4  IS A NAME O F  YOUR CHOICE. ( A L S O ,  I F  THE NUMERICAL MATRIX'  
C S O I  ' H A S  NOT B E E N  SAVED PREVIOUSLY,  T Y P E  g p ~ ,  W H E R E  4~ rs  A N O T H E R '  
C613  ' N A M E ) .  THEN TYPE ) S A V E  . TO TEBMINATE TYPE -+O . TO OBTAIN A '  

C 6 3 1  'YOU HAVE ADJUSTED THE PAPER.' 
C 6 4 l  S A T A B L E + ~ + I ~ ~  
CS53 K T A B  M 

C 2 1 1  + ( ( A / L L _ =  a i 1  ) , I < P L ~ + , ~ ) / N O , H E  

X' 

U+LI+( ( Q+l 7 x (  p F I ) [  2 J )p ( 1 6 p  ' I ' ) , 'V ' 1, K c p  ' ' 

L I , C+I 0 

',PI1 ) / C A  

C62l ' P R I N T O U T ,  T Y P E  4 6 5  . ZLiP Dg ,"JOT pLvESS r,$'E 3&'Tcz;f QivFiLt 
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TABLE 

T H I S  FUNCTION P R I N T S  OUT A NUMERICAL t4ATRIX WITH CENTERED MAIN 
AND COLUMN HEADINGS,  ROW LABLES AND A CAPTION A S  REQUIRED.  
ENTER THE MATRIX QB, I F  A S S I S T A N C E  I N  PREPARING T R E  MATRIX IS 
REQUIRED,  T Y P E  0 
0 :  

ENTER E&g_HE& A VECTOR O F  4 ROW LABLES EACH 
FOLLOWED BY A 0 SYMBOL QR 0 TO I N D I C A T E  THAT ROW LABLES  ARE 
NOT REQUIRED QR, 1 TO OBTAIN HELP 
OME 0 TWO 0 THREE 0 

THE FUNCTION L I T  W I L L  NOW HELP YOU TO CORRECT L L ,  THE 
VECTOR OF ROW L A B E L S .  
YOU ARE ABOUT TO USE THE FUNCTION L I T .  L A T E R ,  WHEN L I T E 6 9 1  
OR L I T C 7 4 1  I S  PRINTED OUT, TYPE L&+V 
THEN PRESS  THE RETURlV KEY AND TYPE e 7 4  
TO S K I P  DETAILED I N S T R U C T I O N S ,  T Y P E  1 ; OTHERWISE T Y P E  0 
0 :  

TO E D I T  AN E X I S T I N G  ARRAY,  TYPE I T S  WAME. OTHERFIISE T Y P E  0 
0 :  

FOR A NUMBERED L I S T  OF E N T R I E S ,  T Y P E  i ; OTHERWISE 0 
0 :  

WHEN CORRECTIONS ARE A L L  D O N E ,  T Y P E  7 
0 :  

FOUR I 

XI 

Y O U  HAVE ENTERED 3 LABLES  FOR 4 ROWS OF THE MATRIX 

1 

LI; 

0 

5 

EXTRA L I N E  1 CHARACTERS: 4 TOTAL:  4 
n: 

7 

LITC 741 
L&+V 
+7 4 

TYPE ONE L I N E  O F  HEADING, W H I C H  MUST BE N O  LONGER THAN THE 
INDICATOR BELOW. I F  I T  I S  SHORTER, THE HEADING W I L L  BE 
CENTERED AUTOMATICALLY I N  THE PRINTOUT. A HEADING CAN BE 
SUBDIVIDED TO PROVIDE LABELS FOR I N D I V I D U A L  COLUMNS OR GROUPS 
O F  COLUMNS (TO, A S S I S T  IN T H I S ,  THE LENGTH INDICATOR MARKS THE 
END O F  EACH COLUMN WITH P I .  TO LEAVE THE L I N E  BLANK,  P R E S S  
THE SPACE BAR ONCE. AFTER MAKING YOUR ENTRY,  P R E S S  THE RETURN 
KEY AND TYPE E I T H E q  10 TO TERMINATE ,OR_ 1 T O  ERTER A FURTHER 

BEFORE YOU ENTER A NEW L I N E  
lllllllllllllllLvlllllllllllllllllvlllll~lllll~llllv 
T A B L E  I 
0 :  

1 
1 

L I N E ,  QR L r  T O  HAVE T H E  LENGTH INDICATOR TYPED OUT AGAIN 

0 :  
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L I  

111111111111111101111111111111111v1111111111111111v 

COLUMN 1 COLUMN 2 COLUI!lN 3 
0: 

I O  
1 

I F  A CAPTION I S  REQUIRED AT THE FOOT Or' THE T A B L E ,  T Y P E  1 
OTHERWISE 0 
D: 

THE C A P T I O N ,  WHICH W I L L  NOT BE CENTERED AUTOMATICALLY,  MAY 
CONSIST  O F  A S  MANY L I N E S  A S  DESIRED.  P R E S S  THE RETURN KEY AT 
THE END O F  EACH J I N E ,  WHICH MUST BE NO LONGER THAN T H I S  
1111111111111111v111llllllll11lllvlllll1llllllllllv 
TO T E R t I N A T E  TYPE I 

1 

T H I S  L I N E  W I L L  BE PRINTER 
V 

D OUT AS A CAPTION 
O F  TWO L I N E S  SET  2 SPACES FRO2 THE L E P T . 1  

TO SAVE THE CHARACTER S T R I N G S  ENTERED SO F A R ,  T Y P E  a4-R WHERE 
E I S  A NAME O F  YOUR CHOICE. ( A L S O ,  I F  THE NUMERICAL MATRIX 
HAS NOT BEEN SAVED PREVIOUSLY,  TYPE EM+@, WHERE I S  ANOTHER 
NAME).  THEN T Y P E  ) S A V E  . TO TERMINATE TYPE +O . TO OBTAIN A 
PRINTOUT,  TYPE +65 . BUT DO NOT PRESS  THE RBTUZN KEY U N T I L  
YOU HAVE ADJUSTED THE PAPER, 

TABLEC 6 5 1 
+6 5 

TABLE I 

COLUMN 1 
ONE 

COLUMN 2 

89.11503838 111.106187 
TWO 

COLUPlN 3 

35.70796327 

183.362818 51.41592654 20.83745 
THREE 

FOUl? 
38.84955592 20 38.84955592 

104.8230016 57.69911184 15 

T H I S  L I N E  W I L L  BE PRINTED OUT A S  A CAPTION 
OF TWO L I N E S  SET  2 SPACES FROM THE L E F T .  


